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FIPLQ OF THE INVENTION 



TO 



1$ 
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.—~**iMMrum ftmcaiMs for preparing optically active c/s-nucieosidea 
•M pm^nt tair^Hlon r««i » ^r'tT^r^ SSSUl^ mi. invJStlon ailow me steno-oonflollad 
and nudaoak,. .n.^ and £JS?«£££«* §ntlogu . 0 r ^ in h*h code* 

gACKGROUNP OF THE INVENTION 

Nud eoside. .nd Mr .n.fcgue, .nd darivadva. ^^^^^^^,2; 
p„. a numder of nuc.eoa.de. have snown .ntivjral k »*^*2™™\hw (PC T puP.icatibn WO 
■ency virua (HIV), hep.titia 8 vM (HBV) «dtaMn T ^^J^^ n t0 hav4 .nbv*. a* 
39/04662 and European Patent P uWi ^ 0 ^* 2 

<j purine or pyrlmldlna ba*e 

Orfferant enandomenc forma of me same ^^^J^S^x'SohSZ S^XXnS^i 

M.M. M t ,.. -Preoption Of Th. ^J*^? S3S£S££ ^«*> 

HIV Agents'. Ri^.M^.Chem. Lett. 1 (1). pp. »W '^^e^eoeidae ia an important go*, 
stereoselective ayntne.,a of me 'j**** and Mr .r*ogwa. tnd darlv* 

Many of the known procaaaea for producing optcally <*ve< ™«JV ^ b .jterlng ma augar 
mod*y naturally occurring (i.e.. ^^^^^^^St»u * 
v« reduce procedure such a. deoxygen.^ j.GmCham., 54. pp. 

meaia Of ^-Oideoxyttude o^ A nd ^JJ^'i^SSn^ .nVd.prot**on and 
2217-2225 (1989). Thaa. Wnafonwdona involve , ^^^^^^^t^nuO^^. 
usually reaultinlowyialda.^var.meybeg.nw.mandm.^ 

Thus.me nudacadaa produced ^SJ^SSSSS ^ - *• — * ~ 
of me naturally occurring nudaoaida. In add.tton. theae proceouraa rw, 

V « curring nudaoeide. often an e*anen» nudwide , rely on convantton.1 glycoaylrtori pro- 

* omer known procaaM. tor 2Vw\™ ■nomerle mature. of efr «tf 

ceduree to add the sugar to m. baaa. These ^^TSSiVl the daairad biotogkaUy acttva da-nu- 
iaomara which reouire tedioua aaparitton and resul .n lower »«M "™ ^ * , 7. « 

Sao.*., improve glycoayladon -^^ISi^ X ^ TclZ ds-nudaesid. 
<a 3--.ub.dtu.nt » «h. augtr. Beoaua. the 2 . or, ^JJJJ^ J m . 4 , wbt *u.^ multipia 

meaia in on. configuration (whan the 2 or 3^^««»"^ y-wbattuantmuatthan ba ramovad 
ouired to introduce mia substituent in me proper conflguratwn. Trie ? For controlling Star- 

aC^at*.^^^ 

requirea a series of time-coneuming synthesea and purification .tape. 
e, iuuaby OF THE INVENTION 

for producing optically active da-nudeoaidea (1 ,3^xamio,anee, *«*.k» 
side analogues and derivatives of formula (I) 
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wherein 

WfsS. S»0, S0 : , orC* 
Xtofi^SO.SO^.orO; 

^^•^S S^or pynrmdin* baa* or an analogue or derivative thareof . 
The processes of this invention comprise the step of glycosylating a desired purine or pynmidine base or 
analogue or derivative thereof with an intermediate of formula (Ha) or (lib) 



(Ha) Rj 



(lib) 



wherein R, is a substituted cartonyi or carbonyi derivative and L is a leaving group. Giyooaylation is accom- 
plished using a Lewis acid of the formula (HI) 



23 



20 



(III) 



wherein R* R«, R 7 . and R« are defined below and the resulting intarmediate ia reduced to give a nucleoside or 
nucleoside analogue or derivative of formula (I). 

The processes of this invention have the advantages of allowing preparation of a nucleoside of formula (I) 
35 (or analogues or derivatives thereof) without using expensive starting materials, cumbersome protection and 
deprotection steps or addition and removal of ?- or 3'-substftuenta, The processee of this invention produce 
nucleosides in high yields, with high purity and high optical ap*crr1dty. The process** of this invention hav* 
the further advantage of generating nucleosides whose stereo isomeric configuration can be easily controlled 
simply by the selection of the appropriate starting materials. 

40 

0ETA1LE0 DESCRIPTION OF THE INVENTION 



In the processes for preparing optically active compounds of this invention in a conflgurationaJ- and d la- 
stereo- selective manner, the following definitions are used: 

45 R 2 is a purine or pynmidine base or an analogue or derivative thereof. 

A purine or pynmidine baae is a purine or pynmidine base found in naturally occurring nucleosides. An ana> 
logue thereof is a base which mimics such naturally occurring baaaa in that their structures (the kinds of atom* 
and their arrangement) are simaar to the naturally occurring baa** but may either possess additional or lack 
certain of the functional properties of the naturally occurring baaaa. Such analogues indud* thos* derived by 

50 replacement of a CH moiety by a nitrogen atom, e.g., 5-azapyrtmidlnea such aa 5-axacytoeine) or vie* varaa 
(e.g., 7-deazapurines, such aa 7-deazaadenine or 7-deazaguanin*) or both (*.g*, 7-deeza, 8-azapurtn*e). By 
derivatives of such bases or analogues are meant thos* baaaa wherein ring substituenta am either Incorpo- 
rated, removed, or modified by conventional substituenta known in th* art *.g., halogen, hydroxy*, amino, 
C,-# alkyi. Such purine or pynmidine bases, analogues and derivative* ar* well known to thoe* sklled in th* 

55 art 

A "nucleoside analogue or derivative* * a 1 .3-oxathioiane, 2.4-dioxoiane or 1 ,3-dtthWan* which haa b**n 
modified in any of the following or combinations of the following way*: baa* modification*, such aa addition of 
a subsotuont (e.g., 5-fluorocytosine) or replacement of one group by an i*o*terte group (*.g., 7-d*azaad*nin*); 

3 
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sugar modification* such as substitution of the C-2 and C-3 hydroxyl groups by any substituent. including hy- 
drogen (e.g., 2',3'-dideoxynucieoaide3); alteration of the site of attachment of the sugar to the base (e.g.. pyr- 
imidine beset usually attached to the sugar at the N-1 site may be. for example, attached at the N-3 or c-6 
site and purinea usually attached at the N-9 site may be. for example, attached at N-7); alteration of the site 
of attachment of the base to the sugar (e.g.. the base may be attached to the sugar at C-2. such as lso-ODA); 
or alteration of configuration of the sugar-base linkage (e.g., cis or tons configurations). 

R 3 is a carbonyl substituted with hydrogen, hydroxyl, trialkylsilyl, trialkylsiloxy, Ci^, alkyl, C7-* araikyl. C,^ 
alkoxy. C^o amine (primary, secondary or tertiary). C,.» thiol; C*.» aryl; Ci.» alkenyl; aikynyt; U-dh 
carbonyl. such as 

0 0 

1 1 

CH 3 -C-C- 

substituted with aJkyl or C*.» aryl; anyhdrides such aa 



0 O 

1 I 
CH 3 -C-0-C- 

substituted with C^ alkyi or C^» aryl; azomethine substituted at nitrogen with hydrogen, C^ alky* <* C,^ 
alkoxy or ft.,, dlalkylam.no or at cartoon with hydrogen, C,_ w alkyi. or Gum alkoxy; thiocartcnyi (C*S) subati- 
tuted with hydroxy. Cao alkoxy. or Ci.» thiol; a homoiogue of cartoony*, e.g.. 



II 

-cch 2 -; 



a homoiogue of thiocartoorryl, e.g.. 



n 

-CCH 2 -; 



or a homologua of azomelMno. audi aa 



B 

-CCH 2 -. 



Th. prrtmd .ubattat* crbonyUcrbony. danvattv- 
propyl. t-butyl tnd man** crooxyt.. dlathylearboxafliido: pymakUn. ^^^.^^ 
!^Th.W. pnHKrad aubobtutod cartonyt/carbonyl danvattva. an MM tnd cubcxyt. and fto moal pro- 

"TITS .uxU^ry. T*. tarn, -chir* auxiltry- daacrfbo. «yn™«e mdaoioa *m im mm« IJ*J 
ma chamical ra aduuon of a racamic mixture Such chirK laudM ^^TcSbSt 
matbylbanxylainina or savarai cttal contara wch aa mamM. Tho '"W^*"^^ 
in»*aa«Z9m.™.i.to.».c*.in^ 

J. Jaequaa at ai.. f ^r^mn. Racan -— ^ R.aoluttona. pp. 251-m John Wloy & Sona. Now Yonc 

11 M £ R, ami R, ara mc.pand.ntty saiactad from *a group conaWno of hydn*.n. C„. alkyl l^™^' 
atfiyt. t'butyl), optionally aubatttutad by halogana (F, Cl. Br. I). C*j» alkoxy (a.g., mattioxy) or Cv» aryloxy (a.g.. 
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phenoxy); Cr. a aralkyt (e.g.. benzyl), optionally substituted by halogen. alkyl or C,^ alkoxy (e.g.. >me- 
thoxybenzyl); C^aaryl (e.g.. phenyl), optionally substituted by halogens. C,_ 20 alkyl or C wo alkoxy *aikyisilvi- 
haiogena (F, CI, Br, I). 

R« is selected from the group consisting of halogen (F, Cl. 9r. 1); C,.*, sulohonate esters, optionally sub- 
stituted by halogens (e.g., oifluoromethane sulphonate); C u » aikyl esters, optionally substituted by halogen 
(e.g., trifluoroacetate); polyvalent halides (e.g., cniodide); tnsubstituted silyi groups of the general formula 
(R 5 )(R«)(R7)Si (wherein R$, R«, and Rr are as defined above); saturated or unsaturated selenenyl C^a, aryi; 
substituted or unsubstituted arylsulfenyl; substituted or unsubstituted <:,_» alkoxyalkyl; and trialkyisiloxy. 

L :s a 'leaving group*, i.e.. an atom or a group which is dispiaceable upon reaction with an appropriate purine 
or pyrimidine base, with or without the presence of a Lewis acid. Suitable leaving groups include acyioxy groups, 
alkoxy groups, e.g., alkoxy carbonyi groups such as ethoxy caruonyi; halogens such as iodine, bromine, chlor- 
ine, or fluorine; amido; azido; isocyanato; substituted or unsubstituted, saturated or unsaturated thioiates, such ' 
as thiomethyl or miopnenyl; substituted or unsubstituted. saturated or unsaturated seleno, seleninyf. or sele- 
nonyi compounds, such as phenyl seientde or alkyl setenide. 

A suitable leaving group may also be -OR. where R is a substituted or unsubstituted, saturated or unsatu- 
rated alkyl group, e.g.. Ci^ alkyl or alkenyl group; a substituted or unsubstituted aliphatic or aromatic acyi group, 
e.g., a C,^ aliphatic acyi group such as acetyl and a substituted or unsubstituted aromatic acyi group such aa 
benzoyl; a substituted or unsubstituted. saturated or unsaturated alkoxy or arytoxy carbon yt group, such aa me- 
20 thyl carbonate and phenyl carbonate; substituted or unsubstituted sulphonyl imidazole; substituted or unsub- 
stituted aliphatic or aromatic amino carbonyi group, such aa phenyl carbamate; substituted or unsubstituted 
alkyl imidiate group such as trichioroacetamidate; substituted or unsubstituted. saturated or unsaturated phoe- 
phonate. such as diethyl phosphon ate; substituted or unsubstituted aliphatic or aromatic sulphiny! or sulphonyl 
group, such as tosylate; or hydrogen. 
2S As used in this application, the term "alkyl" reoresents a substituted (by a halogen, hydroxy* or C«_» aryi) 
or unsubstituted straight chain, branched chain, or cyclic hydrocarbon moiety having 1 to 30 carbon atoma and 
preferably, from 1 to 6 carbon atoms. 

The terms 'aikenyl" and "alkynyl" represent substituted (by a halogen, hydroxy* or Cuw wyt) or unsubsti- 
tuted straight branched or cydic hydrocarbon chains having 1 to 20 carbon atoma and preferably from 1 to 5 
30 carbon atoms and containing at least one unsaturated group (e.g., ally*). 

The term "alkoxy* represents a substituted or unsubstituted aikyl group containing from 1 to 30 carbon 
atoms and preferably from 1 to 6 carbon atoms, wherein the alkyl group is covaientiy bonded to an adjacent 
element through an oxygen atom (e.g.. methoxy and ethoxy). 

The term "amine" represents alky*, aryi. alkenyl, alkynyl, or araikyt groupa containing from 1 to 30 carbon 
35 atoms and preferably 1 to 1 2 carbon atoms, covaientiy bonded to an adjacent element through a nitrogen atom 
(e.g.. pyrrolidine). They include primary, secondary and tertiary amines and quaternary ammonium salts. 

The term "thiol" represents aikyl, aryi, aralkyl. alkenyl or alkynyl groupa containing from 1 to 30 carbon 
atoms and preferably from 1 to 8 carton atoms, covaientiy bonded to an adjacent element through a sulfur atom 
(e.g., thiomethyl). 

40 The term "aryi* represents a carbocydic moiety which may be substituted by at least one heteroatom (e.g., 
N. O. or S) and containing at least one benzsnoid-type ring and preferably containing from 6 to 1 5 carbon atoma 
(e.g., phenyl and naphthyl). 

The term "aralkyl 0 represents an aryi group attached to the adjacent atom by an alkyl (e.g., benzyl). 
The term "alkoxyalkyl 9 represents an alkoxy group attached to the adjacent group by an alkyl group (e.g., 
46 methoxymethy*). 

The term "arytoxy* represents s substituted (by a halogen, trffluoromethyi or C,^ alkoxy) or unsubstituted 
aryi moiety covaientiy bonded through en oxygen atom (e.g., phenoxy). 

The term "acyi* refers to e radical derived from a carboxytic acid, substituted (by a halogen (F. a, Br, I), 
C«-» aryi or aikyl) or unsubstituted. by replacement of the -OH group. Like the add to which ft ia related, 
50 an acyi radical may be aliphatic or aromatic substituted (by e halogen, C,^ alkoxyalkyl, nrtro or OJ or uneub- 
stituted. and whatever the structure of the rest of the molecule mey be, the propertiee of the functional group 
remain essentially the same (e.g., acetyl, propionyl, isobutanoyl. pivaloyl, hexanoyt, trtfluoroacetyl, chtoroace- 
tyi. and cydohoxanoyi). 

A key f9§nm of the processes of this invention is the use of a substituted carbonyi or carbonyi derivative 
55 as Rj instead of a protected hydroxymethyl group as previously described in the art Surprisingly, the substituted 
carbonyi or carbonyi derivative is not deaved by exposure to e Lewie add, aa would have been expected by 
one of skill in the art when a Lewie edd of formula (III) s added to s mixture of sin/iated purine or pyrimidine 



5 
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base and the chiral auxiliary- sugar compound obtained in Step 3. Instead, me substituted carfconyl/cartonyt 
derivative in me intermediate of formula (VI) forces the purine or pyridine base (RJ to add in the c/s-conflg- 
uration relative to the substituted cartoonyl/caroonyl derivative group. Without a substituted cartonyl or carbonyl 
derivative attached to C4' (for example, when a hydroxymethyl group is instead used), the coupling procedures 
described in Step 4 will result in a mixture of cis- and trans-iaomers. 

Another key feature of the processes of tha invention is the choice of Lewis acid. The Lewis acids used 
in the preparation of compounds of formula (I) have the general formula (III) 




wherein R* R« Rr and R, are as defined previously. These Lewis acids may be generated in situ or prepared 
lino an TmemcS^own in the art (e.g., A.H. Schmidt •Bromotrimethyisilane and lodotrimethyls.lan^VersaUle 

S 2 ^otrmeth y yls»l.n. and tnmethylslyt trifl.f. The prefixed R.. W. and 
Tdine. The most preferred Re and R, group is methyi. The preferred R. groupa «* 
or sulphonate esters. The most preferred R. groups are iodine and d a , ugif 

In the preferred process of this invention, illustrated in Scheme* 1 and 2. as- and tra/w-.somers of a suga/ 

of formula (II) 



(id 



are separated by fractional cryetallteation and the desired configurational isomer M '^^*a^c«. 
I the L>.Jer may men be reeCved chem,ca,.y, e.g.. uair* . *™ ™l*^^UClT« 
methoda known in the art The pur. diaatareomer i. then coupled ft l^SL^SSTSS^ 
me presence of a Lewie acid to afford an optically active nudeoaide of c«<onflguration which » subsequently 
reduced to give a nudeoaide of temtule (I). «, « 

Schemes 1 A and 1 B depict thia preferred proceaa as applied to any 1 ,3-o*a*oiane. 2.4-dtoxoiwe or 1 > 

dithiolane. 
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SCHEIE IB 

(IV) W 



STEP 2 



(H) (TRANS) 



(*) CHIRAL AUXILIARY / \. (•) CHIRAL AUXILIARY 

STEP 3 ^< 

I (VI) J 

J STEP* J 
J <TtP5 J 



The vwioua 9»p» u 



illusmttd in SdwniM 1A and 18 m»y to br«(1y dMOitod u ta«o*« 
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Steo 1 : The starting caroonyl- sugar of formula (IV) can be prepared by any method known in the art. E.g. 
J.M. Mcintosh et aJ., •2-MercaptoaJdehyde Oimers and 2.5-Oihydrothiophenes from U-oxathiolan-S-onea* 
Can. J. Chem,. 61, pp. 1872-1875 (1983). The caroonyl group of this starting compound is reduced chemose^ 
lectively with a suitable reducing agent such as disiamyiborane to give the c/s- and trans-isomers of formula 
5 (V). Ordinarily, less c/s-isomer is produced than trans. 

Step 2: The hydroxy! group in the intermediate of formula (V) is readily converted to a leaving group by 
any method known tn the art (e.g.. T.W. Greene Protective Groups In Organic Synthesis , po. 50-72. John Wiley 
& Sons. New York (1981)) to give the novel intermediates of formula (II). 

This anomeric mixture is then separated by fractional crystallization into the two conflgu ration ai isomers. 
io The solvent may be adjusted to select for either the c/s- or trans-isomer. O.J. Pasto and C.R. Johnson. Organic 
Structure Determination , pp. 7-10, Prentice-Hall. Inc.. New Jersey ( 1 969). 

Step 3: Either the c/s- (Scheme 1 A) or trans-isomer (Scheme 18) of formula (II) is chemically resolved using 
a chirai auxiliary (Rj. A suitable chiral auxiliary is one of high optical purity and where the mirror image is readily 
available, such as d- and l-menthoi. The resulting diaatereomers of formula (VI) are easily separated by frac- 
15 tionaJ crystallization. Alternatively, either the c/s- or the trans-isomer may be resolved enzymaticaily or by other 
methods known in the an Jacques et ai.. Enantiomers, Race mates And Resolutions , pp. 251-369, John Wiley 
& Sons. New York (1981). 

The optical punty of the diastereomer (VI, VII or I) can be determined by chirai HPLC methods, specific 
rotation measurements and NMR techniques. As a general rule, if the opposite enantiomer is desired, it may 

20 be obtained by using the mirror image of the chirai auxiliary initially employed. For example, if the chirai auxiliary 
d-menthoi produces a (+}-enantiomer nucleoside, its mirror image, 1-menthoi, will produce the (-)-enantiomer. 

Step 4: A previously silytated (or silylated in situ) purine or pyrimidine base or analogue or derivative thereof 
is then glycosylated with the resulting pure diastereomer in the presence of a Lewis acid of formula (111), such 
as iodommethyisilane (TMSI) or trimethylsilyl inflate (TMSOTf), to give a nucleoside of ris-configuration offer- 

2$ muia (V1I). This nucleoside is optically active and is substantially free of the corresponding trane-isomer (I.e., 
it contains less than 20%, preferably no more than 10% and more preferably no more than 5% of the trarre- 
isomer). 

The preferred silytating agent for pyrimidine bases are t-butyldimethylaiiyi triflate 1,1.1,3,3,3 hexamethyt- 
disilazane and trimethylsilyl triflate. It is believed that the bulky t-butyi group increases yields by weakening 
jo the interaction between the Lewis acid and silylated pyrimidine base. 

The preferred method of mixing reagents in Step 4 is to first add the chirai auxiliary-sugar of formula (VI) 
to the silylated purine or pyrimidine base. The Lewis acid of formula (III) is then added to the mixture. 

Step 5: The c/s-nudeoaide obtained in Step 4 may then be reduced with an appropriate reducing agent to 
remove the chirai auxiliary and give a specific stereoisomer of formula (I). The absolute configuration of this 
35 stereoisomer corresponds to that of the nucleoside intermediate of formula (VII). As shown in Scheme 1 . either 
the c/s- (Scheme 1 A) or the trene-iaomere (Scheme 18) obtained in Step 2 wiH yield a as end product 

Schemes 2A and 2B illustrate the application of the process of Schemes 1 A and 1 B to the syntheaia of the 
enantiomers of oa-2*rrydroxyn»toyt^cytD^ Although this process m illustrated us- 

ing specific reagents and starting materials, it will be appreciated by one of skill in the art that suitable analogous 
* reactants and starting materials may be uaed to prepare analogous compounda. 
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30 



Th. various statu illustrated in Schemes 2A and 28 may be briefly described as follows: 

Cim,an. in ^ app^priat. J (preferably t-butylmethyi ether, reacted w.m g.yoxylic acid to gtve exdu- 

SW 1 ^WSII-SS S -«ed w*h an acid c,oride. such as ace* chlonde in the presence 
Step 2. The acid :« ' 4-dimethylaminopyridine. or preferably w.m an acid anhydnde 

ssr^srcsr— - -» r s "°»* ,ucB " "** ,oa - ,o 5 ™ 
st^r^-:ss^A~--- — — 

aiyst . fKA ^ th* trans-«stars is fractionally crystallizad 

Step a: The above diaatereomeric m.xture of e.ther M .0* or b at low temper- 

using any como.nabon of solvent, (P*^ «*<" n ^TS*p^-y. 

ature to give exclusively me e» or the wns-acetoxy <™**«" ( »7aT..cted with cytosine or other purine 

Step 5: Either the as- or me trens-acetoxy compound * * ™* ^ fara6ly previously 

or pyridine base or analogue thereof. The ^£"5! JTtlTSS^WW in ■ conv 
lylatedw.thhexamethyldia.lazaneorn^rep^^ 

paubleorganicao^entsucha.dichlorom^^^^^ ^ ^ m# crt<onv 

acid of formula (III), preferably iodommethylsHsne or tnme*yta,lyl tnnate. 

pound of formula (XI) in a highly diaatereoaeiecove manner. .tereoepecificaHy with a reducing 

Step 6: The optically active ca-nudecsid. of formula P<l » « J^lSSSh appn*rta» sot " 
agent preferably lithium ^.mylborohydnde ^J^^J^X^'"^ 
vent such as tetranydrofuran or diethyl «h»»£ ^J^^^ m m^^S<^m 
A second procesa for the ^ ^^^["^'^ and^B^arbonyt-sugar with an R» subatituent at C4' 

3A and 3B and 4A and 48. In th. process of S eMnwM £££»«L optically MM chin. auritoy au- 
la reacted with a chiral auxiliary (R») to gtve a diestereomenc m«h« £ « This optk*»y 
gars. The actual diaater^nw produced depends 01 cor!ver*» to a tortng group 
active m*ur. may be ^^^^ £2£S2 ET^S con*gur«don end two in the 
to afford a diaat.reom.nc nwtura of four enW launa* N a singlt diaatereomef. 
^configuration (Schem. mat bilapa** by chtornatog*. 

Al tentatively, the optically acttve mature of chiral «« u, ^***7 » converted to a leaving group 
P hv or fracttonJcry^Utabon and men <*^'£j^^S££Z£ **ant may b. ad- 
(Scheme 3A). Suba^t fraction* c^uil^o ffiZE£^^**mm*mi»*rf« 
us«dto s*ectforeith*th.6>orth. (r***^ [?£Z^£!£a* in 3ch«na. 1 and 2. 



dioxoiant or 1 ,3-dithio.ana. 
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SCHSME Ih 



(+) or (-) chiral auxiliary 



(xnr) 



STEP 1 



4 B< 



STEP 2 



n f ' \ J (xni) 



STEP 3 



(XIV) 



STEP 4 



(VI) 



STEPS 



STEP 6 



(vn) 



STEP 7 



R,OCHj 
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ssaag 3B 

_/ (+) or (-)chinl auxiliary y W *v-^° 

\ J - T * /•*-< T 



(XIV) 

W^OH W N /M / W ^^ 0M ✓ W ^,-' 4X0M 

I 

(VI) 



STEPS 
STEP6 



\ 

/V" 



(VI) 



(vn) 



\J (D 



Tha various atapa invotvad in tha syntftaaia of a* uudaoaktea of formula (I) aa dapictad In Scftamas 3A 
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may be briefly described as follows: 

Step 1: The starting material of formula (IV), prepared by any method known in the an. is reacted with a 
chirai auxiliary (see. e.g., T.W. Greene. "Protective Groups m Organic Synthesis', John Wiley and Sor S> New 
Yonx( 1981) to yield a mixture of two diastereomers of formula (XIII). The particular mixture produced will depend 
5 on which chirai auxiliary (♦ or •) is used. 

Step 2: The mixture of two diastereomers of formula (XIII) is separated by fractional crystallization or chro- 
matography to yield one diastereomer of formula (XIII). 

Step 3: The single isomer of formula (XIII) is chemoselectivdy reduced by a suitable reducing agent, such 
as disiamyiborane to give a mixture of two diastereomers of formula (XIV). 
10 Step 4: The hydroxy* groups of the two diastereomers of formula (XIV) are converted to leaving groups by 
any method known in the art to give a mixture of two diastereomers of formula (VI). 

Step 5: Either the c/s- or trans-isomer is separated out of .the mixture of two diastereomers of formula (VI), 
as obtained m Steo 4, by fractional crystallization or chromatography. The solvent may be adjusted to select 
for the cis* or trans- isomer. 

rs Step 6: The single diastereomer of formula (VI) is reacted with previously silylated (or silyiated in situ) purine 
or pynmidine base or analogue or derivative. Then, addition of a Lewis add of formula (III), such as iodocrime- 
thytsilane (TWSI) or oimethyiatfyl inflate (TMSOTf) yields a nudeoaide of c/a-conflguration of formula (VII). This 
nudeoside is substantially free of the corresponding trans- isomer. 

Step 7: The optically active aa-nudeoaide of formula (VII) is reduced stereoapecrfically with a redudng 

zo agent preferably lithium triethylborohydride or more preferably lithium aluminum hydride in an appropriate sol- 
vent such as tetrahydrofuran or diethyl ether to give the compound of formula (I) and menthol. 

Alternatively, as shown in Scheme 38. the mixture of diaatereomera of formula (XIII) is chemoaelectivery 
reduced with a suitable reducing agent such as disiamyiborane to give a mixture of four diastereomers of for- 
mula (XIV). The hydroxy! groups in this mixture of four diastereomers of formula (XIV) are converted to leaving 

25 groups any method in the art to afford a mixture of four diastereomers of formula (VI). Either a c/a- or a tnn* 
isomer of formula (VI) is separated out of the mixture of four diaatareomera of formula (VI) by fractional crys- 
tallization or chromatography. The solvent may be adjusted to select for a cr> or frana- isomer. The single dia- 
stereomer of formula (VI) is reacted with previously silyiated (or silyiated in situ) purine or pynmidine baae or 
analogue or derivative. Then, addition of a Lewis add of formula (111), such aa iodotrimethyisiiane (IMS!) or 

30 trimethyisilyi tnflate (TMSOTf) affords a nudeoside of e/s- configuration of formula (VII) which is reduced with 
an appropnata reducing agent to give a specific stereoisomer of formula (I). 

Schemes 4A and 48 illustrate the application of the procese of Scheme 3 to the synthesis of the enantio- 
mers of c^-2-hydroxymethyl-5-<cytoain-v-yl)-l,3-oxathioianea. Although thia procese ia illustrated using spe- 
cific reagents and starting materials, it will be appreciated by one of ski I in the art that suitable analogoua re> 

35 actanta and starting materials may be used to prepare analogoua compounds. 



7 40 
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SCHEME AB 



HSCHjCOjH ♦ fic^H STE?l m n^^^f 0 

\J (XVI) 

/ STEP I 

(xvn) 



^ 3 (xvhd ^ 3 

| STEP 5 

I 0 / 



STEP 6 



STEP 7 



\4 tfir / |mj 

* ! j3 



(XI) HOCM, 



The varioue stop* involved in the syntheaia of the nudecsidee of formula (1) at depicted in Scheme 4 may 
be briefly described as foil owe: 

Step 1 : The known mercaptoecette acid of formula (XV) is reacted *tth an appropriate aldehyde of formula 
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20 



25 



Ri cho. — «^~ al ^ 

vent, such ..toluene, to ^^^!^ 1 ^^^ po ^^ M aux.liary. preferably ,-menmo. 

St6P i : ^moa I oT s^ n uS« di hloJeman,. uamg an activating agent, such aa o 
^X—^ «* » . to g,ve *. con> 

^ fc T!«2L^ compound, of fonnul. (XV,.) are P^arably separated by taction., ay,*., 

ation (Scheme 4A). but may be earned on further ^«^^^^Lnfl agent such aa dia.a- 
* Step 4: The compounda of formula (XVII) are reduce* wrth an ppjppnat. reduc n g 
my)b0 rane in a compare organ.c sonant, such aa f" 

em,c Prasa. p. 426 (1988)), to give me compounda of farmer acid anhvdfio e. , U ch aa acetic 

compounda of fomiula (X). rfn< „.i«.dv seoarated (Scheme 4A). are now sepa- 

Steo 6: The d-aatereomenc compounda of fomnula (XM I^S « *• Irana-acetoxy compound 

I preferably by fractal crystallization (Scheme 48) to g*. erther me aa- or the n 

of formula (X). „H„*f«^,i.(»i9reacte<lwi*cyt03ineorotherpurine 
Step 7: Either the «a- or me t*na-ac*oxy compound of JjjM " JJL i, preferably prev*ualy sh 

or pyridine baa. or analogue ^-^SS ^ «- in a -"T 

lyiated with hexamethyidiadazane or more preferably aiiyiateo i n aw w 2.4.6-coHidine. A Law* 

patible organ.c solvent, such aa dichloromethane contt.mng ^ "^^^^^.^.n. or bin*, 
acid, preferably one derived from the compound, of fom* I. im. rnor. £ ^ manner 

mylaiiyl inflate. * then added to give me aa compound of formula ™ J"^ 1 ^ . „ dudng 



jo tance: 
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(VI) 
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(VII) 



(XIII) 



wherein R 3 , and L are as defined above; 

^n>5-hydrox>oxadiiolane-2-carboxy1ic acid: 

(1 'R.2'S,5'R)-mentnyM ,3-oxa*io<an-5-one-2S-caftoxy<at»; 

(VR,2'S.5'R)-rr»nmy1-l,><«tnioian.5-one-2R-cartoxytate; 

(VR7'S,5'R)-nwtfty^5S-nydroxY-1,^ 

(1 R,2'S.5'RVrnar^-5R-hydroxy-1 ,3-cxattikXane-2R<aftoxy1at«; 
(1 R.2'S.5'RVrr«nihyi»53.hydroxy-1 ,3^xatfrioUne-2RHartgxy1ata; 
( V R,2'S.5'R)-m6nttiy4.5R-hydroxy- 1 ,^attik>lane-2SH*rtoxy1ate; 
( VR^S^'R^ntfiyt-SS-acstoxy-l ^xattWane^S^atftoxyate; 
(1 'R.2*S.5 , RHT»nmy»-5R-«c#toxy-1 ,3Haxatfri6aiie-2R<artoxytata; 
(1 R^S.S'RVmantfiy^SS-ecatoxy-i ,3^atftldafla-2R-carboxy«ta; 
(1 'R^S.S'R^mtTyMR-acato^ 

(1 S7'R5'SHT»mhyt-5R-acetoxy- 1 .3H»athidana-2S<«rboxy1«t»; 

(1 'S.*R5'S)^mhyW5S-acetQxy- 1,^xattiio<a*e-2R<art>Qxy1ata; 

(VS,2'R,5'SHT»mtTy^5R-acatoxy-l.3HjxamwlM^ 

(1 'S.2'R.5'S)^nthyt-5S-acatoxY-l ,3-oxatft k>lana-2S-cartooxylata: 

(1 'R^S.^R^rithy^SS^cytoatn-r.ylhl ,3^athWaJi«»2R<avtoxy*at« 

(1 'S,2'R,5'S)-menthy4-5S-<cyt03in.1 --y4>-1 ,3-oxath Wana-2R<artooxyat»; 

(I^S.S'RVmanthyMR^cyt^^ 

(1 'S.2'R5'S)-mtntriy4-5R-(cytoain.r.y1)-1 ,3Hjxatftidana-2S<arboxyata; 
(1 U2'S.5'R)-memty-5R-<5--fluor^^ 

(1 'S,2'a5'S>.rn6nmyW5S^5*.fluofOcytc»irv1-.y1)-1 ( 3^xathiolana-2R-cartoxyata; 

(VS.2'R.5'S)^rmiy4-5S^I^'.acaty<cytoai 

{VR^S.S'R^rnentttyt-SS^cy^ 
(VS.2'R5'S)^mtty4-i > >oxatftioiane-2R<artJoxyata; 

(1'S.2'R.5'SWnaitthy^-hydro^ and (VSi'RS'S)-mant»iyMS-hy- 

droxy-i,>oxamioiafie-2R-cartoxylata; 

(VS.2'R,5'S)-rnamttyt^R-chlor^^ and (1'S^R5 / SHTWittiy4-iS-chio- 

U 
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ro-1 ,3^xathio.ane-2R-cartooxy1ate; 

os-2(N-memy1-N.m«t^oxyaminocartonyi).5-(urac^V-y1)-1.3^xathiolane; 

c/s- and frens-2-benzoyt-5-acetoxy-l>oxamttlane; 

c/s-2-{r-pym^idinocaftx)nyi)-5-acetoxy.l>oxamiolane; 

c/5-2-<art>ocTi6thoxy-5-{5'-t)roiTiouracd-r-y1)1,3-oxatf)iolane; 

c/s-2-cartDoxyl-5-(ufacil-r-y<)-l.3-oxatnioiana; 

as-2-(V-pyiToiidinocartonyl)-5-{uracil-1'-y1)-l.3-oxattiiolane; 

as 2-benzoy1-5-(ufaaH'-y<)-l ,3-oxattiiolane; 

c/s- and trans-iscpropyt 5-ac8toxy-l,3^xathidane-2-cart)oxyiatB; 

c/s- isopropyt- 5-(cytosin-l '.yi)- 1 >oxathioiane-2-<artoxy1ate; 

c/'s- and tons-t-butyl 5-acetoxy-l,3-oxathidane-2-cart>oxyiata; 

c/s-t-Putyi-5-(cytoain-V-yi)-1>oxathiolan^2-cart)Oxy1ate; 

c/s- and ^ns.2.N,NHjiemylamtnocartony1. 5.acetoxy-1,3-oxathidane; 

c;s.2-N,N-dietnylaminocartX5nyl-5-(cytoain.l '-yIM .3 -oxathidane; 

c/s- and ^ns-2-cartcettioxy-4-acatoxy-l,3Hjioxolana: 

c/s- and trans-2-cart>oetfioxy-Mthymin-V^)-l.3-dioxolane; and 

c/s- and t™s-2-<^ethoxy^N^acet^^ 
The following examples illustrate the present invention in a manner of which it an be practiced but, as 
sue* ?Z™oL conned as iim.tations upon the overeil scope of the process of this .nvenuon. Except 
where specifically noted, all [a] 0 measurements were recorded at ambient temperature. 

EXAMPLE 1 

1 >OXATHIOLAN-S-ONS.2-CARBOXYUC ACIO 

(XVI) 



Toiu.n. (700 mu mercaptoac.be acid (38 mL. 50.03 g. 0.543 mat), and p-tolueneaulfonic acid (1 .0 9 y *.r. 
add* * TJSXiSS* m rJydrat. (50.0 g. 0.543 mC) to 200 in^ mund bc^om 

J. equ,pped w,th a Dean-Sta* trap and condenser. The result 
until 24.0 mL of H,0 waa az*atropk*ly removed. Th. re^on mod*, 
vent under reduc*pr..™toyi.« an o^ 

EtOAc) to giv. 60.0 g of me product at a crystalline white solid: rap. 140-143»C. 'H NMR (OMSO) 8 3.84 (g. 



EtOAc) to give 80.0 g 
2H. JAB-18.7 Hz). 8.00 (a, 1H). 

&cwngUt 2 

THANS-S-HYDROXYOXATHIO> ANg-2-CARBOXYUC ACIO 

o 



A ,uapan*on of d^-1.^10. (82.70 g. 0.54 md) and S 
tart-butyl methyl .mer(1.1L)w...ti^^ 

Sndidona. Th. reflux w. continued for 8 hour, dur.ng ^J"^^^ ££1 

Th. slightly turbid mixtur. waa fit**, and the solvent wee diabjadal ™*^J£^; l^tow* 
600 mL remain*. Cydohexan. (340 mL) waa add* HIM ^^^^"vla 
to stir and eryattllize. Th. suapenaion waa sored « 0-VC tor 2 hw«. Th. product am «eWM oy rreaoo 
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washed with 1 00 mL of ten-butyl methyl ethercydohexane (2: 1 ), and was dried overnight in vacuo at room ten 
perature (94.44 g): m.p. 94.5°C; 'H NMR (DMSO) 5 2.85 (dd, 1H. J=2.4, 10.5 Hz). 3.13 (dd. 1H, J=4 3 10 
Hz). 5.47 (3, 1H), 5.84 (bra. 1H). 6.95 (d. 1H. J=4.7 Hz). 

5 Example 3 

TPANS- 5-ACETOXY-1.3>OXATHIOUVNE-2-CARBOXYUC-AClD 



10 



13 



0 

HOX \ 0 >OCOCH3 (IX) 



One drop of concentrated H 2 S0 4 was added to a thoroughly stirred solution of trans- 5- hydroxy-oxathiol an e- 
2-carDoxyiic acid (7.0 9, 46.7 mmoi) in glacial acetic acid (40 mL) and acetic anhydride (1 5 mL 15.9 mmo!) at 
ambient temperature. The resultant clear solution was stirred for 1 hour and then poured onto crushed ice and 
brine (20 mL). This mixture was extracted with CH 2 Q 2 (100 mL) and the combined extract waa dried over arv 

20 hydrous magnesium sulfate. The solvent waa removed under reduced pressure to give 8.5 g (95%) of a light 
yellow syrup which consisted of trans- and c«-5-acetoxy-l ,3-oxatfiioiane-2-cartoxylic acid in a 2:1 ratio. The 
mixture was dissolved in benzene (20 mL) and waa left standing overnight during which white crystals were 
formed. A small amount of ether was added and the solid waa collected by filtration and washed with more ether 
to give 2 g (22%) of trans-5-acetoxy- 1 .3-oxathiolane-2-carooxylic acid: m.p. 1 1 1.3°C; *H NMR (OMSO) 5 2.03 

25 (s,3H),3.21 (d, 1H. >l2Hz). 3.32(dd. tH,Ja3, 12 Hz). 5.65 (s. 1H), 8.65 (d, 1H, J«4 Hz); '*CNMR(DMSO) 
S 20.91. 36.51. 78.86, 99.15. 169.36, 170.04. 

Example 4 

30 C/S* 5-ACETOXY-1.3-OXATHIOLANE-2-CARBOXYUC ACIO 



O OCOCHj 

*>\(^j <iih 

The filtrate obtained from Example 3 waa concentrated under reduced pressure and redieaorved in ether. 
40 This solution waa kept at room temperature and c/>5-acetoxy- 1 ( 3-oJuithb4ane-2-carboxyic acid sJowty crys- 
tallized out aa a white solid (2.1 g. 23%): m.p. 111.7°C; 'H NMR (OMSO) 5 1.96 (a. 3H), 3.25-3.33 (m, 2H). 
5.74 (S. 1H). 6.69 (d. 1H, J»3 Hz); <K NMR (OMSO) 5 21.0, 37.16. 79.57. 96.58, 169.36. 170.69. 

Example 5 

46 

(1'R.2 > S.5 , RVMEhrrHYLO,3-OXATHlOLAN-5»ONE'2S-CARBOXYLATE AND (1 , R.2 # S t 5 / RKMENT>TfL» 1 . 3- 
OXATHIOLAN-5-ONE-2R>CARflOXYLATE 
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(XVII) 
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OxaJyl cfiloride (1 1 mL 123.6 mmoi) was added through a dropping funnel over a penod of 30 minutes to 
a stirred solution of l>oxathiolan-5-one-2-carttoxyiic acid (12.2 g, 82.4 mmoi) m anhydrous THF (20 ml) and 
CHjOj (40 mL) at room temperature under an argon atmosphere. The resultant solution was heated at 65°C 
for 30 minutes and (Tien was concentrated in vacuo to give an oily product ( 1 1 .6 g, 90%). The crude acid cntonde 
obtained wee redisaoWed in dry CH 2 CJ 2 (40 mL) and cooled at 0*C. (lR,2S,5R)-menthol (12.3 g, 32.4 mmo*) 
dissolved in CH 2 CI 2 (25 ml) was slowly added to this cooled solution. The resultant solution was stirred at room 
temperature overnight The reaction mixture was diluted witri CH 2 C1 2 (200 mL) and washed with water, satu- 
rated aqueous NaHCO, solution, brine, and then was dried over anhydrous Na 2 S0 4 . The solvent was removed 
and the crude product thus obtained waa filtered through a short silica column (100 g, Merck) eluted with EtOAc- 
hexanes Concentration of the appropriate fractions gave a 1:1 mixture of (VR,2'S.5'R)-mentriyl-1 ( 3-oxatriK> 
lan-5-one-2S-<arboxy1ate and (lU2'S.5'R).menthy1.1>oxathiolan.5^ne-2R-cart>oxylate (20 g, 34.7% over- 
all) as a viscous oil: NMR (CDCI,) 5 0.77 (3H), 0.91 (6H). 1.00-1.15 (2H), 1.40-2.10 (6H), 3.56 (1H). 3.82 
(1 H), 4.80 (1 H). 5.62 (1 H): ^ NMR 5 1 6.7. 21 .2. 21 .3, 22.5. 23.80. 23.84, 26.7. 26.8, 30.6. 31.91 , 31 .94. 34.57, 
40.6'. 41.07. 47.5. 47.6. 74.1, 74.2. 77.7. 168.1, 172.3. . i(L _ M . 

The above mixture (20 g) was dissolved in a minimum amount of pentane-petroleum ether (40-60 C) (1 .2 
30 mL). The resultant solution was cooled at - 70-C for iO minutes and the crystalline compound that was formed 
was quiddy collected by filtration and washed with more cold petroleum ^^J^^^^ 
pound isolated in 1 2.5% yield, was found to consist of one isomer as indicated by 'H NMR and *C NMR spec- 
ZwTZ 78.5-. [a] >31.7- («, 0.984. CHO* <H NMR (COCIJ 5 0.77 (3H) 0 91 
MC.2?0(6H).3.56(1H).3.82(1H).4.79(1H). 5. 62 (1H)-»C NMR (COO J 6 16.7 .21. Z 22.5.23.8. 26.7. 30.0. 

32.0. 34.6, 41.1. 47.6. 77.7, 168.1. 172.9. 
Example 8 

25 (1 'R,2'S.S'R)-MSNTH^^ 

WhYDROX ^1.3-OXATHIOLANE-2R. CAMO 

THIOLANE-2R»CARBQXYLATE. (VR .2 , S.S , R)-MENTHYL-SR«HYDROXY» 1.^0XATHIQLANE*2S*CAR; 
j. BOXY LATE 



15 



20 



30 




0 

1 O^-/ 0 " (XVIII) 



\<o A frashly pcaparad solution of dWamylborana (13.4 mmoi. 0.5 M in THF) was addad ^"w"** • 
* L» of ft. nw,my. .at* c^toxy... of tan*.* ^^fJ^^S ™ ^ 

at 0-C undar an argon atmoaphara. Th. raaulting dear solution was attrad for 1 5 mm** at 0^ and 1 8houm 
at ambiant tamparatura. Tha raaction waa quanchad with mathanol (5 mL). eoncarrtrstod. and dtlutad <m* i ma- 
SZa^c^a%rnL).Th.faault.nt solution was wsshad with brlna(Wn^) and drladwaranrn^^ 
« 2£ ftZ Smov- of th. sorvant gava a daar oil. Subjacdng ftto rr-tortol to 

to^^ha»na* 1:2. V/V) g.v. 0.65 g (50%) of th. >" *" ^T^TSSSZ 

"HNMR (COOj) 5 0.71-2.09 (m. 18H). 3.01-3.09 (m. 1H). 3.24-3.33 (m. 1H). 4.66-1.83 (m. 1H). 5.53* M (m. 
1H). 5.88-8.09 (m. 1H). 



so 
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Example 7 

Qjy^lgfcMENT^^ 5'R)-M£NTHYL 
5R-ACETOXYO>OXATHlObME-2R^ 3. QXA ; 
5 THIQ LAN E-2R- CARS OXYlATE. ( VR^'S.S'Rl-MENTHYL-SR-ACETQXY-I.^QXA THtQL^Ng^S-nAP. — 
80XYLATE 



10 



15 



20 



25 




The four tide comoounds were prepared as a mixture by the following two methods. 
30 Method A 

Lactots of formula (XVIII) (0.65 g, 2.25 mmoi) were dissolved in anhydrous pyridine (1 .5 mL) and methylene 
chloride (5 mL). Acetyl chloride (0.5 mL 7.0 mmol) was slowly added to this solution at 0*C. The resulting white 
suspension was stirred at ambient temperature for 3 hours. The reaction was then quenched with saturated 
35 aqueous ammonium chlorids solution (1 mL). The mixture was extracted with methylene chloride (5x2 mL) and 
me combined extract was concentrated to give a brown gummy material. This material was subjected to column 
chromatography (EtOAc-hexane, 1:3 V7V) to provide 0.3 g of the four acetates aa a light yellow oi: 1 H NMR 
(CDC!,) 6 0.75 (d, 6H. J-7 Hz). 0.78 (d, 6H. J- 7 Hz). 0.88-0.94 (m. 24H), 0.97*2.03 (m, 36H) t 2.10 (a, 9H) t 
2.13 (s. 3H), 3.15 (d. 2H. J»12 Hz), 3.23-3.30 (m. 4H), 3.42 (dd. 1H, J-4, 12 Hz), 3.44 (dd, 1H # J«4, 12 Hz), 
l ; 40 4.65-4.75 (m. 4H). 5.81 (s, 1H). 5.82 (a, 1H), 5.63 (s. 1H), 5.64 (a. 1H), 6.84 (m, 4H). 

^ Method | 

A solution of dicydohexyi-ca/bodiimide (21.86 g, 0.106 moi) in dichloromethane (100 mL) was addad to a 
46 500 mL round bottom flask containing s solution of trans- and ds» S-acetoxy-1 ,3-QxatMdan*-2-cartoxytic acid 
(X) (18.5 g, 0.096 moi). (1 R.2S,5RH-Hnenthol ( 16.5 g, 0.106 md), and 4nlifnethy1aininopyridlna (1.17 g, 9.63 
mmol) in dichloromethane (200 mL) at 0*C. The resulting thick whits slurry was stirred st room temperature for 
3 hours at which time methanol (4.0 mL) and glacial acetic add (2.0 mL) ware addad. Altar stirring for 10 min- 
utes, the reaction mixture was diluted with hexanes (200 mL) snd Altered through Ceirte, Subsequent removal 
so of the solvent provided 32.5 g of the crude product Thie substance waa redisaorved in haxanee (100 mL), ffl- 
tered through Celite and concentrated to yield 30.5 g of material which wee further purified by column chroma- 
tography (eluent 100% hexanes to 5% EtOAc-hexanee) to give 5.5 g of a mixture (ca. 1:1) of (VVU'S.S'R)- 
menthyi-5R*acetoxy-l.3-oxathiolane-2S-cejtQxylate and (1 'R^S.5'R)^nenthyV5S-acetoxy- 1 f 3-oxath Wane- 
2R-caitoxylate: 10.28 g of a material which contained mainly the above two dl as tareomers along with 
55 (lU2'S,5'R)-mermiyl-5S-acetoxy-1,3^att^^ and (VR.2'S.5'R>^nertfry«.5R-ecetoxy. 

1 .3-oxathiolane-2R-cartioxyate; 7.8 g of a random mixture of the above four dlastareomers; and Z2 g of a mix- 
ture (ca. 1 : 1 ) of (1 'R^S.S'RVmenthyi-SS-acetoxy- 1 .3-oxathidane-2S-carfcoxy1ate and (1^2'S,5'R)-menttTy1- 
5R.acetoxy-i ,3-oxathioiane-2R-cartoxylate. 
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Sample 8 

(VR t 2'S.5'RVMENTHYL-SR>ACETOXY^>OXATHIOLWE>2R-CARBOXYlA^ 
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J 



(X) 



(VR.2'S.5'R)-Menttiy1-5R-acatoxy.1.3-oxa0iiolane-2R-cart5oxylata waa prepared by me following three 
methods. 



Method A 



A mixture of (VR.2'S.5'R)-menthy1-5S-acetoxy-l,3-oxathiolane-2S.carooxylate and (1'R,2'S,5'R)-men- 
thyl.5R.acetoxy-i.3-oxathiolane-2R-cart>oxylate (5.5 a) obtained from Example 7 waa disaolved in petroleum 
ether (40-60'C) containing a minimum amount of diethyl ether and cooled in a dry ice-acetone bath. The white 
solid precipitate waa immediately collected by suction filtration to give 1 .8 g of (VR.2'S.S*R)-menmy1-5R-ace*. 
oxy-1.3-oxamiolane-2R-carboxylate: m.p. 105.2«C; [ofe -60' (c. 0.51. CHC1,); <H NMR (CDQJ 6 0.77 (d. 3H 
J»7 Hz). 0.91 (d. 3H. J-7 Hz). 0.92 (d. 3H. J-7 Hz). 0.86-2.06 (m. 9M). 2.10 (a, 3H), 3.16 (d. 1H. J-12 ! Hz). 
3 44 (dd. 1H. J-4. 12 Hz), 4.74 (dt 1H. J-S, 12 Hz). 5.63 (a. 1H). 6.79 (d. 1H. J-4 Hz); "C NMR COCW « 
16.16. 20.74, 21.11. 21.97. 23.29. 26.08. 31.38. 34.13, 37.24. 40.62. 47.07. 78.11. 79.97. 99.78. 168.60. 
169.68. 

w 

Method S 

A mixture of the four diaatereomers of formula (X) (300 mg) waa disaolved in n-pentane containing a mini- 
mum amount of diem* e<her and waa kept at -20«C for 24 hours. The white needlee fbemed were M"^'** 
33 while cold to give 25 mg of material. The subatance thua iaoiated waa found to be identical in all reapects wrth 
those obtained by Method A or C. 

Method C 

to A solution of dteydohexylcaftodiimide (1.362 g, 6.6 mmoi) in dichlore^ethanejSjmL) waa added to a 50 
F mL round bottom fiaak centring a button of trena-5-acetoxy-l MMIMi^M|k 'I£!n 

mmoi), (1R^S.5RH-Hr»n*0l (1.038 g. 6.60 mmoi). and 4^imemylaminopyTidlne (75 mg. 0 82 mmol)ind^ 
SZ^tan. (10 myTo-C. The renting whit, siurry we, stirred «™™T^J",^*2 ^ 
time methanol (0.2 mL) and glacial acedc acid (02 mL) were added. After amtngfor 10 m^d^reecdon 
« mixture waa dilutod with h«anea (28 ml), filtered through Ce.it.. and «>nc.nwtod. Jhjoud. P"*« *" 
obtaned we. di^ved In hexanee (25 mL). filtered mrough Cite and «n«MM to J™*^ "J£*> 
of (VR.2'S.5'R>mentrtyl.5R.aeetoxY-l.3-oxamiolane-2R-cart)oxyl and (VR^S.5'R)^tfnrt-5S-ecetoxy- 

'^Ua7t^T>r HZ). 0.78 (d. 3H, J-7 HZ,. 0.85-0 92 (m 18H) 2. 10 £ 

» 6H). 3.1 5 (d. 2M. J-12 Hz). 3.42 (dd. 1H. J-*. 12 Hz). 3.44 (dd. 1H. J-*. 12 Hz).4.74 (dt 2H. J-fl. 12 Hz). 5.61 

(S ' \1 5 .^. S mil' "l^reo-omere waa d-.olved in ^™*~1^^^*Zm 
amount of diethyl ether and waa cooled in a dry i<*-aceton. bath The white *"J™^™2^*** 
collected (620 mg) by auction filtration. This material waa recryatailized again under the aame conditions to y*W 
sa Soma of a whit, solid. Thie compound waa found to be rfanticai in ail reaped, to theeo prepared ua.ng ..ther 
method A or method 8. 
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Example 9 

(VS,2'R.5'S)- MENTHYL-SS-ACETOXY-1.3-OXATHIOLANg-2S-CAR90XYLATE 

5 



TO 




15 

A solution of dicyciohexylcartodiimide (491 mg, 2.38 mmol) in dichloromethane (7 mL) was added to a 50 
mL round bottom flask containing a solution of trnns* 5- acetoxy-l.3-oxatniolane-2-carboxylic acid (IX) (416 mg, 
2.2 mmol). (lS.2R.5SM*)-menthol (372 mg, 2.38 mmol), and 4-dimethyiamino-pyridine (28 mg, 0.21 mmol) 
in dichloromethane (5 mL) at Q°C. The resulting thick slurry was stirred at room temperature for 3 hours at which 

20 time methanol (0.2 mL) and glacial acetic acid (0.2 mL) were added. After stirring for 10 minutes, the mixture 
was diluted with hexanes (25 mL), filtered through Ceiite, and concentrated. The crude product obtained was 
dissolved in hexanes (25 mL), filtered through Ceiite. and concentrated to produca 0.715 mg (100%) of two 
diastereomers. namely (VS,2'R.5'S)-menmyi-5S-acetoxy.1.3HDxamioiane-2SHurboxylate and (1'S.2'R.5'S)- 
menthyl-5R-acetoxy-l,3-oxamioiane-2R<arfcGxylate: 'H NMR (COCI,) 5 0.75 (d. 6H, J«7 Hz). 0.85-0.92 (m f 

25 12H). 0.95-2.19 (m. 18H). 2.10 (s. 6H). 3.15 (d. 2H. J»12 Hz). 3.42 (dd, 1H. J«4. 12 Hz). 3.44 (dd. 1H. J-4. 12 
Hz). 4.72 (dt 2H. J»5. 12 Hz) 5.61 (a, 1H), 5.62 (s. 1H). 6.65 (S. 2H). 

The above diastereomeric acetoxy menthyl esters mixture waa dissolved in petroleum ether (40-60*C) con- 
taining a minimum amount of diethyl ether and was cooled in a dry ice-acatone bath. The white solid precipitate 
was immediately collected (200 mg) by suction filtration. This material waa reeryatallized again under the sama 

30 conditions to yield 1 30 mg (34% based on one enantiomer) of (1'S.2 # R.5'S)-mentfiy*-5S-acatoxy-l.3-oxathlo- 
lane-2S-carboxylate: 

m.p. 104.2°C; [a] 0 +59.2° (c. 1.02. CHCI 3 ); 1 H NMR (CDCIJ 5 0.77 (d. 3H, J»7 Hz). 0.91 (d. 3H, J»7 Hz). 0.92 
(d, 3H. J*7 Hz), 0.86-2.06 (m. 9H). 2.10 (S, 3H), 3.1 6 (d. 1H, J*12 Hz). 3.44 (dd. 1H,J*4, 12 Hz). 4.74 (dt 1H. 
J*5, 12 Hz). 5.63 (s. 1H). 6.79 (d. .1H. J=4 Hz); ,J C NMR (COG,) 6 16.18. 20.74. 21.11. 21.97. 23.29. 26.08, 
35 31.38. 34.13. 37.24. 40.62. 47.07. 76.11, 79.96. 99.78. 168.60. 169.66. 

Example iQ 

(1'R.2'S.5'R)-ME^m^SR-ACETOXY-1.^^ 

f40 
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( 1 'R.2'S.5'R)-Methyt-5R-acetoxy- 1 ,3-oxathioJane-2S-carboxylate waa prepared by the following two meth- 
ods. 

55 Method A 

A saturated solution of a mixture of the four diastereomers ( 1 2.28 g ). obtained in Example 7. waa prepared 
in petroleum ether containing a minimum amount of dtetnyt ether and waa kept at -20*0 tor 72 hours. The white 
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crystalline solid produced was isolated by filtration to give 1.6 g of (VR.2'S.5'R)-mentfiyl-5R-acetoxy-i.3-ox. 
atMolane-2S-cartoxy1ate: m o. 110.2'C; [o| 0 -177* (c. 0.7, CHC1,): 'H NMR (COCI,) 5 0.75 (d. 3H. J*7 Hi). 
0 88 (d. 3H, >7 Hz). 0.92 (d. 3H. J=»7 Hz). 0.97-2.02 (m, 9H). 2.12 (s. 3H). 3.22 (d. 1H. J-11 Hz). 3.29 (dd. 
1H J-4. 11 Hz). 4.74 (dt 1H. J-4. 11 Hz), 5.63 (S. 1H). 5.65 (d. 1M. J=3 Hz); ,J C NMR (COCI,) 5 16.9. 20.59. 
21.19. 21.95. 23.29. 26.10. 31.34. 34.0. 37.62. 40.32. 46.82. 75.69. 80.20. 99.36. 168.55. 170.23. 

Method S 

A solution of dicydohexyicaroodiimide (118 mg, 0.572 mmol) in dichloromethane (5 mi.) was added to a 
25 mL round bottom flask containing a solution of c/s-5.acetoxy.1,3-oxathiolane-2-carooxylic acid (100 mg. 
0 52 mmol). (lR,2S.5RM-H*enthol (85 mg. 0.54 mmol). and 4-dimethyl-aminopyridine (OMAP) (8 mg.. 0.053 
mmol) m dichloromeihane ( 1 0 ml) at 0°C. The resulting white slurry was stirred at room temperature for 3 hours 
at which time methanol (0.1 mg and glacial acetic acid (0.1 mL) was added. After stirring for 10 minutes, the 
mixture was diluted with hexanas ( 1 5 mL). filtered through Celite. and concentrated. The crvdt .product obtained 
waa dissolved in hexanea (15 mL). filtered through Celite. and concentrated to yield 170 mg (100%) of 
(1 •R.2'S.5'R)-menthy1-5R-acetoxy.1 .3-oxathiolane-2S.cartoxy1ate and (1 VJ^I^Sf^" 
UxathioUne^R-carboxylate: H NMR (CDC.,) 6 0.75 (d. 3H. J-7 Hz). 0.78 (d 3H. J- WUHJilJ 
12H). 0.97-2.03 (m. 18H). 2.10 (s, 3H). 2.13 (s. 3H). 3.23-3.30 (m. 4H). 4.65-1.75 (m. 2H). 5.83 (s. 1H). 5.64 

(S ' TheTove nSL of diastereomers waa recrystal.ized from petroleum ether (4040%) and > ■ 
amount of diethyl ether at room temperature. The white crystalline matanal formed '"J* 
filtration. This material was recrystallized again from diethyl ether-pewleum ether to yield 74 mg (78% baaed 
on one enantiomer) of (1R.2'S.5'R) menthyi-5R-acetoxy-l ,3^xathio)ane-2S-carboxy1ata. 

Example 1 1 

(1-5.2'R.5'S)-MENTHYL-5S-ACETOXY.1.3-OXAT HIOLANE-2R-CARBOXYLATE 



OAc (X) 



A solution of dlcydohexyicarbodHmKl. (1.588 g. 7.7 mmol) in dk^or^^e (7 my w« added to a 50 
around bottom flaTcon-ining a button 

(iS.2R.5SH*H"»ntHoi (1.218 g. 7.7 mmol). and ^im.thyicn.nc-pynd^aa 

tnan. (16 mL)«0-C. The maulttng thick slurry was attrad at room t^pertfur. ^^^.r^on wje 
duanchad wi mem.no! (0.4 mL) and g..«al .cede acid 1(04 mL) and ^^J™"™^^ £ 
naaultut mbctura waa diluted with hexane. (29 mL). Alter* through a P^W^^*^J\ ™ 
SL« thua obta,r*d wu resolved in hexane. (25 mL) and fitted 

t^ent under reduced preeeure yielded 2.3 g of e white solid (100%) which conaiatad of (1«^R.S«3)Hi»rthy«- 

»"d ( rS.2R,5'S^^5R.a=^1,3^th^.2S^ 

5 NM?(C0a ,) 5 0.75 (d. 3H. J-7 Hz), 0.78 (d. 3H. J-7 HJ 0.8M 94 * ™ » ^ ^ ^ 

mi 2 13 1* 3.23-3 30 (m. 4H). 4.65-4.74 (m. 2H). 5.63 a. 1H). S.64 (a, 1H), 6.64 (m. 2M). 

Nhaoo^^^ 

of diethyl ether at room temperature to give 1 .3 g of a whit. ac.id.Thl. ™^™™^*"^ s ^ 
Wether-petroleum ether (4C-60-C) to giv 900 mg (76% hurt on on. '^(SSJe 
myl-5S-^toxy.i.3^«ihiolana.2R<ait)oxy(at.: m.p. 110.2«C: [afe*17r (ft 1-0. CHCW ; 
0.75 (d. 3H. £ Hi). 0.89 (d. 3H. J" THZ), 0.92 (d. 3H. J-7 Hz). 0.96-2.03 ^ WJ. j *^**JJ 
3.11 HZ). 3.29 (dd. 1H. J-4. 11 HZ). 4.74 (dt 1H. J-11. 4 Hz).i 5.63 I (ft 1H). MJLflU £ HJ. «CH MR 
(COCI,) 5 18.9. 20.89. 21.19. 21.95. 23.29. 26.10. 31.34. 34.09. 37.82. 40.32. 46.82. 75.79. 60.20. 99.38. 
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168.55. 170.23. 



Example 12 



5 (VR.yS.S'Rl^MENTHYL-SS^CYTOSIN-r-YlVl.a-OXATHIOUKNE-aR-CARBOXYlATg 




10 



(XI) 



20 



t-Butyl-dimethylsilyl tnfluoromethane-sulfonate (1 .1 mL 4.79 mmol) was added to a suspension of cytosine 
(0.27 g. 2.5 mmoi) in CH 2 G 2 (2 mL) containing 2.4,6-collidine (0.65 mi, 4.92 mmoi) at room temperature. The 
resultant mixture was stirred for 15 minutes and a dear solution was produced. A solution of (VR.2'S.5'R)-men- 
thyi-SS-acecoxy- 1 ,3-oxath»olane-2R-cart>oxylate (0.66 9. 1 .99 mmol) in methylene chloride ( 1 .5 mL) was added 

25 to the mixture and stirring was continued for 5 minutes, lodotrimetnytsilane (0.31 mL 2.1 8 mmoi) waa introduced 
dropwise and a wnrte precipitate was produced when the addition was completed. The reaction mixture waa 
allowed to stir for 1 8 hours. The reaction was quenched by addition of a saturated aqueoua solution of Na^O, 
(1 0 mL) and CH 2 Cli (30 mL). The organic layer was separated and washed with brine (2x10 mL). The solvent 
was removed in vacuo to give a viscous oil which was suspended in diethyl ether (30 mL). To this suspension 

30 was added a saturated aqueous solution of NaHCO, (20 mL) with vigorous stirring. A white precipitate appeared 
and the resultant suspension was diluted with hexanes (10 mL). The precipitate waa collected by nitration to 
give 0.57 g (75%) of a white solid. The 'H NMR spectrum of this material indicated mat it waa a mixture of the 
as- and trans- diastereomers of the expected nucleoside in a 23:1 ratio. 

This product was purified further by recryatallization from EtOAc-hexanea-MeOH: [a]or144° (a 1.02, 

35 CHO,); m.o. 219°C (decomposed); 'H NMR (CO CI,) 5 0.76 (d, 3H. J»7 Hz). 0.85-0.94 (m, 6H). 1.02-1.10 (m, 
2H). 1.42-2.06 (m. 7H), 3.14 (dd, 1H. J*8.6. 12.1 Hz). 3.54 (dd. 1H. J»4.7. 12.1 Hz). 4.72-4.78 (m. 1H). 5.46 
(S. 1H). 5.99 (d. 1K J-7.5 Hz). 8.43 (d. 1H, J=7.6 Hz); 'K (COOi) 8 18.1. 20.7. 21.9. 23.Z 28.4. 31.4, 34.0. 
36.3. 40.7, 47.1, 76.7, 78.4, 90.3. 94.6. 141.8. 155.4. 165.6, 169.8. 

40 Example 13 

(VS.2'R.S'SyMEhfTHYV5^^ 



50 




(XI) 



2.4,6-Coliidine (0.317 mL 2.4 mmol) and t-butyidimetftylsayl tnfhjoromethaneauifonata (0.551 mL. 2.4 
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mtnoO were added successively to a suspension 0/ cytosme (133.3 mg. 1 .2 mmol) in CHjOj (1 ml) at room 
temperature under an argon atmosphere. The resultant mixture was stirred for 1 5 minutes to produce a clear 
solution. AsoluOon of (VS.2'R.5'S)-menthy1-5S-acetDxy-1.3-oxathiolane-2R<art)oxylate (330 mg, 1 mmol) in 
CH 2 Clj (0.5 mL) was introduced, followed by iodotnmethyisilane (0.156 ml, 1.1 mmol). The resultant mature 
was stirred for 3 hours. The mixture was diluted with CH : CI, (20 mL) and washed successively with saturated 
aqueous NaHSO,, water, and bnne. The solvent was evaporated and the residue waa taken up in ether- 
hexanes (V1 10 mL) and saturated aqueous NaHCO, (2 mL). Stirring was continued for 1 5 minutes. The aqu- 
sous layer was removed and the organic phase was centrrfuged to give a white solid which was washed with 
hexanes (3x5 mL) and dned under vacuum. This substance, namely (VS,2'R5'S)-menmyt-5S-<cytosin-r-y1)- 
1 >oxathioian.2R-carboxyiate (380 mg, 100%) was contaminated with about 3% of (1'S.2'R.5'S)-menthyl-5R. 
fcvto3in-1'-l 3-oxathioian.2R.carboxylate (as indicated by tt <H NMR spec^m). was recrystallizec I from 
MeOH 'o aive (vS.2'R.5'S)-menthyl-5S-(cytosin-r.yi).1.3-oxathiolane-2R-cart)oxylate: [alo-58« (c. 0.506. 
S£ J- m D 2»i (decomposed)): <H NMR (COCI,) 8 0.80 (3H). 0.92 (6H). 1.06 (2H). 1.37-2.10 (7H). 3.1 1 
(1H?3'55(1H m 35 1H). 5.79 (1H). 6.49 (1H), 8.37 (1H); «C NMR (COO,) 6 6.8. 21.3. 22.5. 23.9. 
26 8. 32.0. 34.6. 37.0. 40.7. 47.4. 77.3. 79.3. 90.9. 95.3. 142.9. 155.1. 164.9. 170.1. 

Example 14 

(lR.2'S.5'R)-MENTHYL-5R-<CYTOSIN.1'-YL)-1.3-OXAT^flLANE.2S-CARBOXYLATE 




(XI) 



2 4 6-coi.idin. (0.317 mL. 2.4 mmo.) and t-tiutyl dimethyls!* ^Jl^l 
J were added succeaaivly to a suspension of cyiosin. (133.3 ^^J^* J^SSS 
temperature under an argon atmoaphara. Tha raaulfnt m«tura 

waa obtained. A solution of (m2-S.5'R).menthy1.5R.acetox^^^^ SJIw- 
rr.no.) in CH,0, (0.5 mL) waa introduced. ^^^^ # w^ tc^X^^Z 
continued for 3 hours. Tha mbdura waa diluted with CH 2 a, (20 mL) and waahad ~ cc ^"^«n-(V1 
SSTnIsO,. w«*. brine and then w« =oncen«r.t*d_Th. f^™"™"* JZSSS J£ 
Zl) and saturate .dueou. NaHCO, (2 mL) and ^^J^^^^^^Z, 
eoua lay* waa removed and tha oiganic phase waa eemrifugad Br 3^. 
he*i«e(3xS mL) and than dried under vacuum. The product ^^^T^^^^, J££fL 
ZZ Urtoxylat. (336.3 mg. 88%) contained .bout TZXSZ 
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Example 15 

(VS.2 , R.S , S)-MENTHYL-SR-(CY^^ 



5 



10 



13 




(XI) 



2.4,6-cotlidine (0. 1 06 mL 0.3 mmoi) and t- butyl dimethyisilyl tnfluoromethanesuifonate were added succea- 

20 sively to a suspension of cytosine (44 mg, 0.4 mmol) in CH 2 CI 2 (0.5 mL) at room temperature under an argon 
aomosphere. Stimng was continued at room temperature for 1 5 minutes and a clear solution was produced. A 
solution of (l'S.2'R.5'S)«mentnyl-5S-acetoxy -l.3-oxathiolan-2S<arboxylate (1 10 mg, 0.33 mmoi) in CHjCIj 
(0.3 mL) was added, followed by iodocrimethylsiiane (0.052 mL 0.36 mmol). The resultant mixture was stirred 
at room temperature ovemignt and men was diluted with CH 2 C! 2 (10 mL). The mixture wis washed successively 

23 with saturated aqueous NaHSO,, water, brine and concentrated under reduced pressure. The residue was tak- 
en up in ether-hexanes (1:1. 5 mL) and saturated aqueous NaMCO, (1 mL) and stirring was continued at room 
temperature for 20 minutes. The aqueous layer was removed and the white solid suspended in the organic 
phase was collected by centnfugation. This solid was washed with hexanes (3x5 mL) and dried under vacuum 
to provide 65 mg (51.2%) of (1'S,2'R.5'S)-menmy1-5R-(cytosirM*-^ contain- 

M inated with approximately 5% of (1'S.2'R.5'S)-menthy1-5S-<cylos^ as in- 

dicated by 'H NMR spectroscopy. Recrystailization of the crude material from MeOH»£t 2 0 gave the desired 
product m.p. 210-21 1°C; [a] 0 >179« (c. 0.66. CHCI,); «H NMR (COCI,) 5 0.77 (3H)0.92 (6H). 1.00 (2H), 1.37- 
2.10 (6H). 3.14 (1H). 3.55 (1H). 4.76 (1H). 5.46 (1 H). 5.38 (1H), 6.46 (1H) f 8.38 (1H); *C NMR (COCI,) 5 18.8, 
21.3. 21.8. 22.5. 23.9. 26.7. 31.9, 34.7. 38.7, 40.9. 47.4. 76.4, 80.8, 100.0, 169.1. 170.8 

35 The washmgs and the supernatant were combined and washed with IN HO, water, brine, and then was 
dried over Na^SO*. Evaporation of the solvent yielded 53 mg (48%) of unreacted (rS.2'R.5'S)-mentfry»-5S- 
acetoxy- 1 ,3-oxathioian-2S-carboxy1ata. 

Example 16 

40 

2R-HYDROXYMETHYL-5S-<CYTOSlN>r-YL)-1 .3-OXATHIOLAN6 



45 



SO 



55 




(XII) 



A solution of ( 1 'R.2'S.5'RVmenthy1-5S-<cytosin- 1 • y i)- 1 . 3-oxatft»lane-2R<aitoxy1at» (67 mg, 0. 1 8 mmoi) 
in THF (1 mL) was slowly added to a stirred susoen«ion of lithium aluminum hydride (19 mg, 0.5 mmol) in THF 
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(2 mL) at ambient temperature under an argon atmosphere. Stimng wea continued tar 30 minutes. The reaction 
was then quenched with methanol (3 mL). followed by the addition of silica gel (5 g). the resultant slurry was 
stirred for 30 minutes and then was transferred to a short column packed with Celite and silica gel and was 
eluted with a 1:1:1 mixture of EtOAc-hexane-methanol (50 mL). The eluate was concentrated and subjected 
to silica gel column chromatography (EtOAc-hexane-methanol. 1:1:1) to give a gummy solid. This solid was 
dried azeotropicaily with toluene to give 38 mg (94%) of the desired produce M 0 -122° (c. 1.01. MeOH); m.p. 
1 23- 1 30'C ' H NMR (COjOO) 5 3.05 (dd. 1H. J=4.3, 11.9 Hz) 3.42 (dd. 1 H. J»5.3, 1 1 .9 Hz). 3.76-3.89 (m. 2H). 
5.19-5.21 (m. 1H). 5.81 (d. 1H. J=7.S Hz). 8.20-6.23 (m. 1H). 7.01-7.16 (brm. 2H, exchangeable). 7.93 (d. 1H. 
J=7.5 Hz); "C (COjOO) 5 38.5. 64.1. 38.0, 38.9, 95.7. 142.8, 157.9, 167.7. 



Example 17 

2S-HYDROXYIv1ETHYL-5R-(CyTOSIN-r-YL)-1.3-OXATWICLANE 




(XII) 



A solution of (V*2'S,5'R)-menthyl-5R-<cytosin-r-ylV1,^ ( „T?ll2 

mmol) in THF (3 mL) waa slowly added to a stirred suspension of lithium aluminum hydride (20 mo. 0.54 mmoi) 
in THF (2 mL) at ambient temperature under an argon atmoaphere. Stimng wn continued for 30 mimitaeand 
the reaction was quenched with methanol (5 mL). followed by the addition of siica gal (7 g). The muMwy 
waa stirred for 30 minutaa, transferred to a short column packed with Celite and silica gel and waa alutad wrth 
a 1 -1 -1 mixture of EtOAc-hexane-MeOH (50 mL). The eluate was concontratad and subjected to silica gal e* 
, umn chromatography (EtOAc-hexwa-MeOH. 1:1:1) toprovided V,^.^ U ^ H ^ f^S? 
with toiuene to give 50 mg (82%) of a white solid as the product (ofc *12S ' (ft .01. MaOH); ™ ^ 1 *f £ 
-H NMR (G0,OO) 8 3.05 (dd. 1H. J-4.3. 1 1 .9 Hz). 3.42 (dd. 1H. j.5.3. 1 1 .9 Hz). 3 78.3.89^ m. 
(m 1 H). 5.81 (d. 1H. J-7.6 Hz). 6.2IM.23 (m. 1 H). 7.01-7.16 (b«m. 2H. exchangaatta). 7.99 (d. 1H. J-7.5 Hz). 
»C (CD,O0) 5 38.5. 84.1. 88.0. 88.9. 95.7. 142.8. 157.9. 167.7. 

) 

Example 18 

(VR.2'S.S'RVMEFrrHYl.5R.<5^FLUOROCY™^ 



flSmn^thane-sulfonat. (0.551 mL, 2.4 mmoi). The return mix*r. w« isonad J*^*"™^ " * 
solution waa obtained. A solution of (VR.2'S.5'R)-memhyl-5R-ecatoxy-1.:^xalhi^ (330 
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mg. 1 mmol) in CH 2 CI 2 (0.5 mL) was introduced, followed by iodotnmethylsilane (0,156 ml. 1.1 mmol). Stimng 
was continued for 3 hours. The mixture was diluted with CH 2 C4 2 (20 mL) and washed successively with satu- 
rated aqueous NaHSO,, water, brine and then was concentrated. The residue was taken up in ether-nexanea 
(1:1, 10ml) and saturated aqueous NaHCO s (2 ml) and stirred at room temperature for 15 minutes. The aqu- 

5 sous layer was removed and the organic phase was centrifuged to afford a white solid which was washed with 
hexanes (3x5 ml) and then dhed under vacuum. The product (l'R.2'S.5'R)-menmy1-5R-(5'-fluorocyTGain-i # - 
y1)-1 ,3-oxathiolane-2S-carboxylate (350 mg t 88%) thus obtained contained about 6% of ( 1 'R.^S.S'Rj-menthyl- 
SS-JS'-fluorocytMin-r-ylH.SHDxathidane^^^ (NMR). This material was recrystallized from 
MeOH/CH^Iy'benzene to give a crystalline produce (al 0 »*22 0 (a 0.19. MeOH); m.p. 216-218°C. 'H NMR 

to (C0CI 3 ) 8 0.78 (d. 3K J» 7Hz), 0.91 (I 6H. J»7.3 Hz), 1 .00 (m. 2H) t 1 .39-2.04 (m, 7H). 3. 1 2 (dd. 1 H, J=6.6 Hz, 
6.1 Hz), 3.52 (dd. 1H. J=4.7 Hz. 6.1 Hz). 4.79 (dt 1H, J=4.4 Hz. 4.3 Hz). 5.48 (S. 1 H), 5.75 (bs. 1H, exchange- 
able), 6.42 (5t 1H. J=5.0 Hz), 3.10 (bs, 1H. exchangeable), 3.48 (d. 1H, J=8.6 Hz); <K NMR (CDCI r 0MSO- 
d«): 5 1 6.7. 21.2. 22.4, 23.7 , 26.8. 31.8, 34.4, 36.6, 40.5 , 47.2, 77.1. 79.1, 90.8. 126.3 (d. J=33 Hz), 137.1 (d. 
J*244 Hz). 154.2, 158.3 (d. J*15 Hz). 170.1. 

13 

Example 19 



20 



23 



(VS.2'R.5'S)-MENTHYl.5S-(5»-FlUO^ 

! Qv M MH, 




x a .XX B 

""o # Y 7 



To a suspension. of 5-rtuorocytoaine (180.0 mg, 1.4 mmol) in CH 2 CJ 2 (1 mL) at room temperature under an 
argon atmosphere was added, successively. 2.4,6<ollidine (0.46 mL. 3.5 mmol) and t-butykjimethylailyi trV 
fluoromethane-sulfonate (0.87 ml. 2.9 mmol). The resultant mixture wee stirred for 15 minute* and a deer sol- 
ution was obtained. A solution of (VS,2'R.5'SVmenthy1-5S-aceto^ (414 mg, 
1.25 mmoO in CH 2 Ci 2 (0.6 mL) wae introduced, followed by iodotrimetfrylaiene (0.18 mL 1.27 mmol). The re- 
sultant mixture wee stirred for 1 hour. The mixture was diluted wrth CHjO, (20 mL) end weened successively 
with saturated aqueous NeHSO* water, and brine. The solvent wee evaporated and the residue was taken up 
in ether-hexanea (1:1. 10 mL) and saturated aqueous NaHCO, (2 mL). Stirring wee continued for 15 minutee. 
The aqueous layer wae removed end the organic phaee was centrifuged to give e white solid which wee weshed 
with hexanee (3x5 mL) and dried under vecuum. This substance, namely (1 , S^1l,5'SHne^lriy*-5S-<5 # -fluoro. 
cytoairv 1 *-y1)-1 ,3^xathtolane-2R«cerboxylate (454 mg. 91%) contained about 7% of (VS,2'R,5 / S)-mentriy1- 
5R-(S'-fluorocytoain-V-y1H.3Hwa^ (ee indicated by its 'H NMR eepcmjm), wee re> 
crystalltzed from benzene CHjOrMeOH to give the title compound: (ab»-20* (c 0.071MeOH); rap. 220- 
222*C (deoompoeed). 'H NMR (COCIj) 6 0.80 (d. 3H. J»7 Hz). 0.90 (t, 6H. J-7 Hz). 1.0 (m, 2H). 1.39-2.04 (m. 
7H). 3.12 (dd. 1H. J«8.8 and 6 Hat), 3.52 (dd. 1H. J»5 and 6 Hz), 4.8 (dt 1H. J-4.4 and 4,3 Hz), 5.46 (s, 1H), 
5.78 (bs. 1 H. exehsngeeble). 6.42 (t, 1 H. J»5 Hz). 8. 1 ( bs. 1 H exchangeable). 8.5 d, 1 H, J-6.6 Ha); 1 *C (COd*) 
5 16.2, 20.7, 21.9. 23.3. 26.2. 31.4. 34.0. 36.3. 40.1. 46.8, 76.7. 78.7. 90.5. 125.9 (d. J»33 Hz). 1 36.5 «t J-242 
Hz), 153.7, 158.2 (d. J»14 Hz). 169.6. 
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Example 20 

2S-HYDROXYMETHYL-5R.{5^PLUOROCYTOSIN^'-YL)»1.3-QXATHIOLAN£ 




To a suspension of lithium aluminum hydride (10 mg, 0.54 mm©!) in THF (1 ml) at ambient temperature 
under an argon atmosphere was slowly added a solution of (VR,2'S.5 , R>-menthy«-5R-<5' , -fluofocytosin-r-y«). 
l>oxathiolane-2S-cart>oxylate (54 mg. 0.135 mmol) in THF (2 mL). The reaction mixiure was allowed to stir 
for 30 minutes, then quenched with excess methanol (2 mL), followed by the addition of silica gel (3 g). The 
resultant slurry was subjected to silica gel column chromatography (EtOAoHexane-MeOH, 1:1:1) to provide 
a gummy solid which was dned azeotropically with toluene to give 20.7 mg (83%) of a white sol* aa the product 
[tt | 0 ^1U« (c. 0.12. MeOH); 'H NMR (DMSO-d6) 5 3.U (dd. 1H. J-4.3. 11.9 Hz). 3.42 (dd. 1H J»5.3. 11.9 
Hz). 3.76 (m,2H), 5.18 (m. 1H). 5.42 (t 1K J=4.8 Hz), 6.14 (m. 1H), 7.59 (br m, 1H, exchangeable). 7.33 (or 
m. 1H exchangeable). 3.20 (d. 1H. J»7.66 Hz). 

Example 21 

2R-HYPROXYMETHYL>5S-(5 f >FLUOROCYTOSIN>V>YU"1>OXATHIOUNE 




To a stimad THF (2 mL) suspension of lithium aluminum hydride (22 mg, 1 . 13 mux*) at ambient temperature 
under an argon atmosphere was slowly added s solution of (1'R. 2'S. 5'R)^myWS^5--fluorocytoain.r- 
ylVl >oxathic4ane-2R-cart)oxylate (91 mg, 0.23 mmol) in THF (8 mL). The reaction mixture was allowed to 
stir for 2 hours., and was quenched by addition of methanol (3 mL). followed by eillca gel (5 g). The resultant 
slurry was stirred for 30 minutes. The mixture was then passed frroogh s short pad of Celtte and silica gel eiuted 
with a 1:1:1 mbrture of EtOAohaxane-Mettianol (10x5 mL). The eluata was concentrated and subjected to silk* 
gel column chromatography (EtOAchexane-methenoi. 1 :1:1) to give a gummy solid. 
iiopic^wilh 

d6) 5 3.14 (dd. 1H. J«4.3, 1 1.9 Hz). 3.42 (dd, 1H, J-5.3, 1 1.9 Hz). 3.78 (m. 2H). 5.18 (m, 1H). 5,42 (t 1H. J-4.8 
Hz), 8.14 (m, 1H). 7.59 (br m. 1H, exchangeable). 7.83 (br m. 1H exchangeable). 8.20 (d. 1H J»7.86 Hz). 
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Example 22 

C/S-2(N>METHYL.N-M£THQXYAMINOCARBONYL)>5-(URACIUr>YU-1.3-OXATHlOLAN£ 

5 

H 



10 




is Trimethytsilyl trifluoromethanesulphonate (TMSOTf) (107 0.552 mmol) was introduced to a stirred sus- 

pension of uracil (31 mg, 0.276 mmol) in dicWoromethane (1.5 mL) containing coiiidine (73 0.552 mmol) 
under argon atmosphere. The resultant mixture was stirred for 15 minutes to provide a homogeneous solution. 
A solubon of frafls-2-(N-methyl-NHTiethoxyami (50 mg, 0.23 mmol) in 

dichlorometfiane (imL) was introduced, followed by iodotrimethytailane (TMSI) (33 mL 0.23 mmol). The reac- 

20 Don was allowed to proceed for 2.5 hours and then was quenched with a solution of saturated NaHCO, and 
NajS^O) (1:1). The resulting mixture was stirred for 5 minutes and then was transferred to a separatory funnel 
with, the aid of more dichloromethane. The aqueous phase was removed and the organic i^yer was washed 
with saturated NaiS?0 3 , water, brine and then was dried (Na^SO*). Evaporation of the solvent under reduced 
pressure afforded the crude product which was triturated with EtOAc-Hexane (1:1) to give 54 mg (87%) of me 

25 titJe compound as a white sdid: 'H NMR (COCt,): 5 3.14 (d of d, 1H. J»8.0. 11.3 Hz), 3.23 (s, 3H), 3.38 (d of 
d. 1H. J=4.7. 11.3 Hz), 3.74 (s. 3H), 5.30 (d. 1H. J*8.2 Hz). 5.82 (S, 1H),6.44 (dof d, 1H, J»4.7. 8.0 Hz), 8.64 
(d. 1H. J=8.2 Hz). 9.64 (br s. 1H). 

Example 23 

C/S- AND rR < 4^S-2■BENZOYL•5>ACETOXY»1.3>OXATHIOLANg 



35 



40 




Phenyl giyoxaJ monohydrate (608 mg, 4.0 mmol) and 2.5^ihydroxy-1 ,4-dithiane (304 mg, 2.0 mmol) were 
heated for cat. 5 minutes at 65°C until me reagents melted. The reaction mixture was diutad with dichtorome- 
mane (40 mL). Pyridine (1.32 mU 16.0 mmol), 4Hjimemy1 amino-pyridine (OMAP) (48 mg), and acetyl chloride 
(0.85 mL 1 2.0 mmol) ware addad to the stirred solution at 0°C. The reaction mixture waa stirred at room tem- 
perature for 4.5 hours and diluted with brine solution (15 mL). The organic layer waa separated, waahed with 
sodium bicarbonate and brine solutions, dried (sodium sulfate), and evaporated to a brown liquid (1.60 g). The 
residua waa purified by silica gal chromatography eiuting with hexaneaEtOAc (3:1) to yield the trans and cis 
isomers (2.4:1 ratio) (714 mg, 71%); 'H NMR (COO,) S 2.0 (a, 3H). 2.14 (a, 3H), 3.15-3,25 (n\ 1H), 3.35-3.43 
(m t 1H), 6.42 (s, 1H), 6.51 (s, 1H), 6.7 (m. 1H), 6.9 (m, 1H), 7.4-7.5 (m, 2H), 7.55-7.65 (m, 1H), 7.9-6.0 (m, 
2H). 
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Example 24 

C/S-2-<r-PYRROUDINQCARBQNYL)-5-ACETOXY-1.3-OXA THIOL^NE 



J 



TO 



13 



20 



23 



30 



OAC 



To a solution of 5-acetoxy-oxathiolane-2-carboxylic acid (576 mg. 3.0 mmol). pyridine (0.533 mL. S.80 
mmol). and dichloromethane (20 mL) at O'C. waa added oxalyl chloride (0.314 mL 3.8 mmol). The reaction 
was stirred at O'C for 30 mmutea and then cooled to -70'C at which time pyrrolidine (0.5 mL 8.0 mmol) was 
Tdded in one portion. The re.ct.on wea stirred at room temperature for 2 ^J^**^,!^ 
(5 mL) The organic layer wea separated, weahed with sodium bicartonete and bnne soiuoons. dned (sod.um 
u,S id Sncentrated to yield 0.851 g of crude product This residue ^^^S^TS 
raphy iuting with EtOAchexanea (9:1) to give 616 mg (84%) of the dea.red produce NMR (COO,) 5 1 .80- 
2.00 (m. 4H). 2.11 (s. 3H). 3.20-3.35 (m. 2H), 3.40-3.55 (m. 4H). 5.78 (S. 1H). 6.60 (m. 1H). 



Example 25 

CfS-2-CARBOMETHOXY.5-(5'-aROMOURACIL-r-YU-1.3-OXATHIOLANe 




Bivtrirne*ylair*.crf*nid. (4 mL 16.2 mmot) w« added to. ws ^ n, ^^ b ^^^^.^l 
mmo^" dlch.0^^. (10 mL). Th. reaction we, stirred for 30 <«^ Y*f* LVtSSSJS* 
dicnioromethene solution (5 mL) of 2<«rtornethoxy-5-aceto ) ry-1.3H J x«hiolono (1.8 g. 7.8 mmol 1.2) 
was added, followed by TMSI (1 .1 mL 7.7 mmol). . 

T^e^rton wJL* at smbient temperature for 18 hour, and men aoguentsUy 
aqueou. eoludon. of «* N.HCO, to give a whit. s^p^.J^^^^^*^ 

*« .wm runmaad basei The flint, wee concentrated end triturated wilti EtOAo-Hex (1.1) to give wmte saw 

and 12 Mr). 3.47 (dd. 1H. J»5 and 12 Hz). 3.87 (s. 1H). 5.50 (s. 1H). 6.42 «Kt 1H. J-8 .nd 7 Hi). 8,72 i«). 
9.19 (brs. 1H). 
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£xampte 26 

C/S-2-HYDRQXYMET>4YL-S-(6^CHLOROURAClL-r-YU>1.3-OXATHIOUVNE 



10 




is TMSOTf (4.5 mU 27.3 mmoi) was added to a suspension of bis-O-sayl-6-chlorouraciJ (9.5 g, 32.6 mmol) 

and 2-carfcethoxy-5-acetoxyoxathioiane (6.3 g, 27.4 mmoi) in 1.2-dichloroethane (40 mL). The resulting clear 
solution was heated slowly up to 60°C and kept at this temperature for 1 hour, during which time a thick pre- 
cipitate appeared. The reaction was cooled down to ambient temperature and the white precipitate was col- 
lected after filtration, washed and dried to give 3.5 g (42%) of the only cis nucleoside ester product ('H NMR). 

zo To a tecrahydrofuran (THF) (50 mC) suspension of nucleoside ester product (2.6 g. 8.5 mmoi), under argon at- 
mosphere, was slowly added LiBH 4 (0.4 g, 18.6 mmoi). The reaction was stirred for 5 hours, then quenched 
with. methanol. The solvent was removed, followed by subjecting the resulting gummy material to column chro» 
matograpny (2:2:1 , EtOAoHex-MeOH, wv) to yield 1 .9 g (85%) of the title nucleoside. The overall yield of these 
two transformations was 64%; HPLC purity (96%); mp 202-204'C; 'H NMR (DMSO-d«) 5 3.09-3.30 (1H). 3.38- 

25 3.47 (1H), 3.60-3.72 (2H). 4.45 (1H). 5.05-5.09 (1H). 5.27 (1H), 5.59-5.62 (1H), 8.71-6.76 (1H); '*C NMR 
<DMSO-d«) 5 32.6. 63.2, 64.2, 84.7. 87.9. 94.4. 106.6. 128.6. 184.4. 

Example 27 

30 (VS.gR.S'Sl-MENTHYL-SS-tN^-AC 



05 



40 




To a stirred suspension of N-4-acetyicytosine (68 mg, 0.4 mmoi) in dichlofometfiane (0.5 mL) containing 
2.4.8-coilWine (105 ut. 0.8 mmoi) under an argon atmosphere wee added trtmethytalyi Wluorometharie-sui- 

40 phonate (155 uL, 0.8 mmoi). The resulting mixture wee stirred for 15 minutes to give e homogeneoue solution. 
The substrate. (1'S,2'R.5'Symertty-5S-acetoxy-l ,3-oxathioJane~2R-cs/toxyata (110 mg, 0.333 mmoi) wee 
introduced into (tie above solution in one batch. In a separate flask equiped with a condenser, e solution of 
hexamethytdieiaxane (34 ut. 0.167 mmoi) and iodine (42 mg, 0.167 mmoi) in dk^toromethane (0.5 mL) wee 
reflux ed under argon atmosphere for 30 minutes. After it had coded to room temperature, the purple solution 

so formed was transferred, vie e syringe, into the mixture containing the substrate and tirytated base. 

The reaction mixture wee kept at room temperature for 7 hours and then wee quenched with e solution of 
a 1 : 1 mixture of saturated NaHCOj and NajSjO,. The resulting mixture wee stirred for 5 minutes end then wee 
transferred to a separator/ funnel with the aid of more dichloromethane. The aqueous phase wee removed and 
the organic layer wee weaned with saturated Na^O* water, bhne and then wee dried (NejS0 4 ). The solvent 

55 was removed under reduced pressure to provide 153 mg of crude product To determine the ratio of the ds^ 
[(l'S.2'R.5'Symemr^5SKhM # -* and tran>{{l'S^R.5 , S)- 

rr^nmyi-5R-(N-4--acary1cytes^ product isomers, the crude product 

was suojected to 'H NMR analysis in CDC!,. Judging from ma skjnaia of the C8 protona of the cytosine moiety, 

35 
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tfie ratio of cis (5 3.70 (d. J=7.6 Hz)] to trans [5 7.79 (d. J=7.S Hz)] was determined to be 7:1. 
Example 28 

5 C/S-2-CARBOXYL-S-{URACIL-V-YL)-1,3-OXATHlOL>Ne 



10 



15 



20 



23 



20 



TY 



s- 

lodotrimethylsilane (1 18 uL. 0.832 mmol) was added to a stirred susoension of bia-lrimethylsilyiuracil (122 
mg 0 475 mmol) and Wft«-2.carboxy«-5-acetoxy-l ,3-oxathioiane (78 mo. 0.396 mmoi) in dichloromethane (2.5 
mL) containing collidine (53 nl_ 0.396 mmol). The resultant mixture wee stirred for 1 8 hours at room temperature 
under argon atmosphere and then was quenched by the addition of 5 mL of a 0.5 M solution of sodium car- 
bonate The aqueous phase was acidfled with 1 M HO solution to pM 4. followed by extraction with tetrany 
drofuran (3x6 mL). The combined extract was dried over MgSO. and the solvent was remove* under reduced 
pressure. Th. crude product obtained was triturated with dichloromethane to provide a whrte suspension. The 
white solid was isolated by centrifugation and was dried under vecuum to afford 27 mg of the desired product 
whose 'H NMR specuum .noicated the presence of a small amount of uracil (c. 10%) and an isomeric purity 
of 295%. The tide compound displayed the following spectral characterises: 'H NMR (OMSO d,) 8 : 2.28 (d 
of d 1M J-4.9. 12.3 Hz). 3.49 (d of d. 1H. J-5.2. 12.4 Hi). 5.57 (a. 1H). 5.71 (d of d. 1H. J-2.2. 8.0 He tt» 
signal collapsed to a doublet on treetment with 0,0 (J-8.2 Hz)). 6.29 (t, 1 H, J-5.2 Hz). 8.07 (d. 1 H. J-8.2 Hz). 
1 1.41 (br s, 1H. exchanged with OjO ). 

Example 29 

C/S2-(V-PYRROLIOINOCARBONYU-5-<URACIL-1'-YU-1.3-OXATHIOLANE 



33 



V 




SO 



5S 



.odomm.thyisil.ne (37 vL 1 equivalent) w.s added to a sdrrad solution of cto ^^£S!!S2t 
5-actoxv-i 3^x*tWoi.n. (64 mg. 0.28 mmol) and bj*trtn.thytaily1uitca (80 mg. 1.2 equrvalenta) in dtehloro- 
S£Zl'i%!£L argon .^sphere. The reaction mature 

temperature. The reaction was quenched with . soiution of . 1:1 mature of " m ™ < ^^ > , .S 
(2 mL) followed by dilution with dichioromethen. (4 mL). Th. resultant mixture waartrradforS mrnutaa and 
2Ji- SntfUd to . separate* funne. wth the .« of mora S^^S E 
removed and the organ* ph.- w« w«hed with water, brine, ^^j^^^^^^l 
of the solvent under reducod pra«u« and subjection of th. cud. product *J5 
tography (7% M.OH-EtOAc) afforded the 74 mg (95%) of th. titi. 

(m 2^2.00-2.1 5 (m.2H). 3.25-3.70 (m. 6H). 5.61 (S. 1H). 5.80 (d of d. 1M. J-2.3. 8^ Hz). 6.44 (d of d. 1H. 
J-4.8. 7.0 Hz). 8.29 (br s. 1H). 8.86 (d. 1H. J-8.1 Hz). 
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Example 30 

C/S2-BEN20YL-5-(URAC»L-r-YL)>1.3-OXATH>OUVNE 



10 




13 Trimethylsilyl triltuoromethaneauiphonate (92 ^L. 0.475 mmol) was introduced to a stirred suspension of 

uracil (50 mg, 0.238 mmol) in dichlorome thane (1.5 mL) containing coJIidine (63 \iL 0.475 mmd) under argon 
atmosphere. The resultant mature was stirred for 15 minutes to provide a homogeneous solution. A mixture 
(2.4:1. tnns:as) of 2-benzoyi-5-acetoxy-i.3-oxathtoiane (50 mg, 0.198 mmol) was added as a solution in di- 
chloromethane (1.5 mL). followed by iodotrimethylsilane (28 \iL 0.198 mmol). The reaction was allowed to pro- 

20 ceed for 22 hours and then was quenched with a solution of a 1:1 mixture of saturated NaHCQ, and Na^SjO* 
The resulting mixture was stirred for 5 minutes and then was transferred to a separatory funnel with the aid of 
more dichloromethane. The aqueous phase was removed and the organic layer was washed with saturated 
NajSjOj, water, brine and then was dried (Na^O*). Thin layer chromatography analysis of the crude product 
indicated that small amount of the starting material remain unreacted. The crude product was triturated with 

25 EtOAc to provide 26 mg (43%) of the title compound as a white solid; 'H NMR (DMSO): 5 3.19 (d of d. 1H, d 
ofd, J*6.8. 12.1 Hz), 3.60(dofd. 1H. J*5.t. 12.2 Hz). 5.77 (d, 1H. J»8.2 Hz), 6.38 (d Of d, 1H. J»5.2, 6.9 Hz). 
6.31 (S. 1H), 7.52-7.64 (m. 2H). 7.66-7.76 (m. 1H), 7.94-8.04 (m, 2H), 8.22 (d, 1H. J»8.1 Hz), 11.44 (brs. 1H). 

Example 31 

30 

(VR.2'S.5'R)-MENTHYL-5S-<CYT^^ 



35 



*0 




A 12:1 mixture of (VR.2'S,5'R)-menthyl 5 S-{hW*- acetyl cytosin-r.yi)-oxath tola ne- 2R-oxathiolane car- 
boxylata (ca isomer) and (VR.2'S.5'R)-menthyl 5R-(N-4--ac^cylr»in-r.y1HMmtoUne-2R^x«th 

4$ carooxyiate {trtns isomer) (47 mg f 0.11 mmol) was dissolved in dichloromethane (0.5 mL) and 2-propand (1 
mL). Trffluoroacette acid (0.2 mL) wma added to this solution and the resultant mixture was heated at 60*C for 
2 hours and then was kept at room temperature for 14.5 hours. The reaction mixture was diluted with dichloro- 
methane and waahed with saturated NaHCO, solution, water, brine, and then waa dried (anhydrous NajSOJ. 
The solvent waa removed under reduced pressure and the product obtained waa dried under vacuum to afford 

50 40 mg (95%) of the title compounds. The 'H NMR spectrum of the above material suggested a purity of i 97%. 
8ased on the signals derived from the C6 hydrogen of the cytoaine moiety present in both of the isomers, die 
12:1 ratio of the cis [(5 8.38 (d. >7.3 Hz)] and trans {(5 7.43 (d, J«7.3 Hz)] nucleosides was maintained. Tha 
major compound was obtained by fractional crystallization with methanol and displayed physical properties 
identical to those reported in this example. 

55 
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£xamcl« 32 

(VS.2'R-S'S)-MENTHYL-SS-(N^^ 




. A 



\ M y NHAC 



(VS2'R 5'S)-menthyt 5R-acetoxv-l.3-oxathiolane-2R-carboxytate (55 mg, 0.168 mrnol) in dichlorome- 
thane (0 5 mL) and .odotrimethylsilane (0.026 mL 0.166 mm*) wen added to monosilylated N-Uacetylcyte- 
sine (59 mg, 0.198 mmol). generated by refluxing N-4-acetylcytoaine in 1.1.1,3,3.3-hexamethyl-dis.leane 
(HMDS) overnight in the oreeence of catalytic amount of ammonium sulfate and subsequently removing MMDS, 
in dichtoromethane (0.5 mL) under argon atmosphere at room temperature. The stirring was continued for 19 
hours and thin layer chromatography snowed almost complete consumption of the starting oxathiolane. The 
reaction mixture was diluted with dichloromethane. washed with saturated aqueous sodium bicarbonate, aqu- 
eoua sodium thiosulfate and bnne. dried over sodium sulfate, concentrated and dried to afford 70 mg W 
of crude products. 'H NMR suggested dxtrvu ratio at 15:1 and the presence of ca. 4.6% of unreacted oxa- 
thiolane. 'H NMR (COO,): 078 (d.3H). 0.80-2.10 (m. 15H). 2.27 (a. 3H). 3.12-3.30 (m 1H) 3.52-3.78 (m. IhJ. 
4 73 (m 1M). 5.51 (s. 0896H). 5.60 (s. 0.046H). 5.82 (s. 0.058H). 5 6.42 (t. 0.896H). 6.63 (dd. 0.046 H). 8.88 
(d. 0.058H). 7.47 (d. 0.954M). 7.77 (d. 0.058H). 8.70 (d. 0.896H). The major compound waa isolated by cry* 
tallization from methanol or tnturation with ethytacetate-ether mixturee. 




Example 33 

-. . NHAC 

YY 

under argon aanoaphere. The mixture waa stirred for 20 minutaa and a solution * (\ s ^^J^^3hl 
ac^.3^x.d 1 lne.2R-carboxyi.t. (55 mg. 0.166 mmo.) in dk^^^.ne (0.3 mL) ^ 
s£ne(o.026 mu 0.166 mmol) were introduced succaaa^y. The strhngwa. ^"^"^ *J 
a" cnrom.tDgr.phy showed complete consumption of the starting oxathaxane. The 
IS w*. d^h^memane. washed with salted aqueou. ^ 7 ^^^.^!^ 
and bnne. dried over sodium sulfata. concentrate and dried to afford 7 °^^^* P ^. 
suggeated cis:trti» ratio at 10:1 and no other impurity de»ct»ble by the spactfum. 'H I NMR (CDCh). 0.78 (a 
S n^LsTfl^T 1SH) 2 27 (a 3H) 3 16 (dd. 0.91H). 3.25 (d. 0.09H). 3.63 (dd. 0.91H). 3.74 (dd. 0.09H). 
478 JTS; (2Sl!i o 6.42 (L 0.91H), 8.68 (d. 0.09H). 7.47 (d. 1H>, 7.77 (d. 0.09H). 
8.70 «t 0.91 H). 
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Example 34 

C/S- AND TRANS- ISOPROPYL S-AC£TOXY>1,3-OXATHIOLAN£-2>CARSOXYUVTE 




A solution of as- and trans 5-acetoxy-l .3-oxathioiane -2-carboxylic acid (260 mg, 1.3528 mmol) and iso- 
propanol (0.1 1 ml. 1.3528 mmol) in dichioromethane (4 mL) at 0°C was treated.with dicycJohexytcarooiimide 
(DCC) (279 mg, 1.3528 mmol) in dichioromethane (1 ml) and 4 dim ethyl amino pyridine (DMAP) (14 mg, 0.135 
mmol). The mixture was stirred at room temperature overnight then diluted with ether and filtered through a 
1 5 Ceiite& pad. The filtrate was concentrated and the residue was chromatography on silica gel with ethyl acet- 
ate*hexane to give the products as a colort ess oi (263 mg, 83%). 'H NMR (COC1*): 6 1-28 (6H, d); 2.10, 2.11 
(3K s); 3.13-3.46 (2H. m); 5.05 (1H. m); 5.60. 5.61 (1H, s); 6.63 (0.54H. m); 8.73 (0.46H, d). 

Example 35 

20 

C/S-ISOPROPYL>5>(CYTOSIN-1^YL)-1.3>OXATHIOLANE-2>CARBOXYlATE 



25 



30 



SO 



55 



LPrOjC 



2,4.6-coilidine (0.23 mL. 1.74 mmol) and t-butyt-dirnethylsiryl tnfluoromethanesulfonata (0.4 mU 1.74 
mmol) were added to a suspension of cytosine (96.7 mg, 0.87 mmol) in dichioromethane (0.8 mL) at room tem- 
perature under argon atmosphere. The mixture was stirred for 25 minutes and a solution of c/r.tnns (1.2:1) 

36 isopropyi 5-acetoxy-l,3-oxsthiolane»2-cartooxyiate (168 mg, 0.717 mmol) in dlchioromethana (0.8 mL) and a 
solution of iodotrimethyisilane (0.114 mL 0.788 mmol) were introduced lucceeirvery. Storing was continued 
for one hour and the reaction mixture was diluted with dichloromethana, washed wtth sa t u r at ed aqueous sodium 
thiosulfate, water and brine, dried over sodium sulfate and concentrated. The residue waa trttu rated with ether- 
hexane (1:1, 7 mt) and saturated aqueous sodium bicarbonate (1.5 mL). The equeoua layer waa removed and 

40 the remaining mixture waa centrtfuged. 

The solid waa washed twice with hexanee and the washings were combined with centrtfugate. washed with 
IN HCI, water and brine, dried and concentrated to give the unreacted starting material in virtually pure form 
(64 mg, 38%. or.frana-1 :9). The white solid waa dried and gave the products aa a acfrarw mature in 12:1 
ratio (122.8 mg, 60%). <H NMR (COd*): 5 1.30 (t 6H). 3.1 1 (dd, 1H). 3.52 (dd, 1H) f 5.11 (m, 1H). 5.45 (a, 1H), 

46 5.82 (d. 1H). 6,47 (dd, 0.92H), 8.72 (m. 0.08H), 7.49 (d, 0.08H). 8.32 (d. 0.92H). 

Example 38 

C/S- AND TRANS- T-8UTVL SACETOXY-1 .3-OXATHIQL^NE-2-CARBQXYLATE 



t-BuOjC^O^OAc 



A solution of c/e- and trans- 5-acetoxy-1,>oxathioiane -2<arboxyite acid (178 mg, 0.915 mmol) and t-bu- 
tanoi (0.095 mL. 0.915 mmol) in dichioromethane (4 mL) at 0°C waa treated with DCC (207 mg, 1 mrnol) in 
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dichloromethane ( 1 ml) and DMAP (1 1 mg, 0.09 mmol). The mixture was stirred at room temoerature overnight, 
then diluted with ether and filtered through a CelfteS pad. The filtrate was concentrated and me residue was 
chromatographed on silica get with ethyl acetate-hexane to give the products as a coiorless oil (175 mg, 77%). 
<H NMR (COOj): 5 1.46 (9H. d): 2.07. 2.09 (3H, s); 3.10-3.44 (2H. m); 5.50, 5.52 (1H. s); 6.60 (0.42H. m); 5.74 
5 (0.58K d). 

Example 37 

C/ST-8UTYL-5-(CYTOSIN-1^YL)>1,3-OXATHIOUVNE-2-CARBOXYlATE 

10 



15 




20 2.4.6-collidine (0.187 mU 1.4 mmol) and t-butyi-dimethytsilyl trifluoromethaneaulfonate (0.325 mU 1.4 
mmol) were added to a suspension of cytoaine (78.8 mg, 0.7 mmol) in dichloro-methane (0.8 mL) at room tem- 
perature under argon atmosphere. The mixture was stirred for 25 minutea and a mixture of c« and trnns (1:1.4) 
t-butyl 5-acetoxy-l ,3-oxatrtiolane-2-cart)oxyiate (H6.5 mg. 0.59 mmol) in dichloromethane (0.6 mL) and iodo- 
trimemytsilane (0.092 mL 0.65 mmol) were introduced successively. Stirring was continued for one hour and 

25 the reaction mixture was diluted with dichloromethane, washed with saturated aqueous sodium thioauifata, wai- 
ter and brine, dried over sodium sulfate and concentrated. The residue was triturated with ether-hexanes (1:1. 
7 mL) and saturated aqueous sodium bicarbonate (1.5 mL). The aqueous layer was removed and the remaining 
mixture was centrtluged. The solid was washed twice with hexanee and the washings were combined with the 
centnfugate. washed with 1 N HCi. water and brine, dried and concentrated to give the un reacted starting mav 

30 teriaJ in virtually pure form (77 mg, 52.6%. c/a:trans«l:1 1). The white solid waa dried and gave the products as 
a c/srtrana mixture in 18:1 ratio (82.6 mg, 48.4%). 'H NMR (COCI*): 6 1.50, 1.52 (a. 9H). 3.12 (dd, 0.94H). 3.20 
(dd. 0.06H). 3.52 (dd. 0.94H). 3.72 (dd, 0.06H). 5.37 (s. 0.94H). 5.75 (S, 0.06H). 5.82 (d, 1H), 8.44 (dd. 0.94H), 
6.71 (d. 0.06H). 7.49 (d. 0.06H), 8.38 (d. 0.98H). 

35 Example 38 

C/S- AND 77^rVS.2-N,N-OlETHYUMINOCARBO 




A solution of os- and frane-S-acetoxy- 1 ,3-oxathiolane -2-carboxvlic acid (1 19 mg, 0.62 mmol) and dlethy- 
lamine (0.07 mU 0.68 mmol) in dichloromethane (2 mL) at 0°C waa treated with OCC (140 mg, 0.68 mmol) in 
dichloromethane (1 mL) and DMAP (7.8 mg, 0.06 mmol). The mixture wee stared at room temperature over- 
50 night then diluted with ether and filtered through a Celite* pad. The filtrate waa concentrated and the residue 
waa chromatographed on siica gel with ethyl acetate-hexane to give the products aa a coiorteae otf (84.5 mg, 
55%). 1 H NMR (CDCl,): 6 1 .1 0. 1 .40 (8H. t); 2.07. 2. 10 (3H. s); 3.1 W.56 (6H. m); 5.80, 5.87 (1 H, s); 6.58 (0.53H. 
m); 8.83 (0.47M, d). 

sa 
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Example 39 

C/S-2-N,N-OlETHYLAMiNOCARBONYU-S-{CYTOSlN»r>YL>-1.3-OXATHIOU^NE 

5 



10 




2.4,6-collidine (0.108 mL 0.82 mmol) and t-butyl-dimethylsiiyi trifluoromethaneaulfonate (0.188 mL 0.82 
is mmol) were added to a suspension of cytosine (45.5 mg, 0.41 mmoJ) in dichloromethane (0.4 mL) at room tem- 
perature under argon atmosphere. The mixture was stirred for 25 minute* and a mixture of ds and trans (1 . 1 2:1 ) 
2-N,^diethyiamindocarbonyl-5-acetoxy-l ,3-oxathiolane (84 mg, 0.34 mmoO dicnlorometnene (0.4 mL) and 
a solution of iodotrimethyisilane (0.053 mL 0.375 mmoO were introduced successively. Stirring was continued 
for one hour and the reaction mixture was diluted with dichloromethane, washed with saturated aqueous sodium 
20 tniosuifate. water and bnne, dried over sodium sulfate and concentrated. The residue wms triturated with ether- 
hexane (1:1. 7 mL) and saturated aqueous sodium bicarbonate (1.5 mL). The aqueous layer was removed and 
the remaining mixture was centrifuged. The solid was washed twice with hexanes and the washings were cocrv 
bined with cenolfugate, washed with IN HQ, water and brine, dried and concentrated to give the unreacted 
starting material in virtually pure form (17 mg, 20%, tnns only). The white solid waa dried to give the products 
23 as a cixtnns mixture in 24:1 ratio (47.5 mg, 47.5%). <H NMR (DMSO-d«); 8 1.04 (t 3H. J»7 Hz). 1.12 (t 3H, 
J*7 Hz). 3.17 (dd, 1H. J=5 Hz, 9 Hz), 3.30 (m. 4H). 3.53 (dd. 1H. J»5 Hz, 9 Hz). 5.74 (d, 1H. J»7 Hz), 5.96 (a. 
1H). 6.28 (L 0.96H, J*5 Hz), 6.62 (m. 0.04H), 7.16 (b.S.. NH), 7.22 (b.S.. NH), 7.60 (d. 0.04H), 8.48 (d, 0.96H. 
J*7 Hz). 

30 Example 40 

(rS.^aS'S^MENTHYL-I.^OXATHIOUVNE^R'CARBOXYLATE 




To e mixture of (VS.2'R5'S)*menthy1-5R*acetoxy-l l 3-oxathtolan#-2R«cart)oxy1ct» (2.01 g, 6.08 mmol) 
46 and triethyfailane (9.67 mL, 60.05 mmol) at room temperature under argon atmosphere waa added trtmethylaiJyl 
trifluoromethaneauifonete (1.17 mL 6.04 mmol). The reaction mature was stirred at room temperature for 12 
hours, then diluted with dlchJoromethane, washed with saturated aqueous solution of sodium bicarbonate, dried 
over anhydrous sodium sulfate, and evaporated to dryness in vacuo to afford crude product Subsequent chro- 
matography on silica gel using hexane-ethyl acetate as aluata gave the product aa cotourtese oi ( 1 .33 g, 80.5%) 
so t H NMR (COOJ:5 0.75-2.10 (m, 15H), 2.97-3.20 (m, 2H), 4.20-4.40 (m, 2H). 4.72 (dt 1H), 5.45 (a, 1H) 
[alo*104° (C1.18, CHQ,). 
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Example 41 



vs ,o c ^PNTHV.-.R.HYDROXy.U.OXATH .ni AN^R-CARBOXY^s AND (VS.rR.S SVMEM- 

' ' * ' — — — : — -»o rADQHWI ATE 



THYb 



" e .»vnPOW.l 3.QXATHIOLANE-™-CARBOXYl>TE 



10 




" Am ixtur.oMvs., R ,'s^^ 

oxide (0.489 g. 97%. 1.96 mmo.) in 20 rt. ^S^* aQUMUS 3OlU ' 0n 

removed ,n vacuo and me residue wa. ^J^JTSI SUS * *»""■ * vaeu0 10 ^ 
of sodiurnb.carbcnate.dried over anhydrous*^ mfl 

20 benzoat. product Subsequent ^^S^S^^U - PO««ium carbonate (0.073 
as a solid (0.21 g. 30.3%). The fixture OMW «■ (02 W*u h<jura ^ ^ 

g. 0.532 mmol) in THF-MeOM-HjO l*^ 5 ^ 2 !^"? ^!^wime«h6f(10mL).acidrfle<lwithaqueo«« 



25 



30 



5.75 (m. 2H). 
Example 42 
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Example 43 

CIS 2-CAR80ETHOXY.4-ACETOXY- 1 . 3-OIOXOLANE 



A 2.5:1 mixture of cis and tans-2-cartooethoxy -4-acetyl- 1,3-dioxolane (408 mg, 2.16 mmol). 85% meta- 
chloroperoenzoic acid (mCPBA) (68 mg, 3.81 mmol) and sodium carbonate (389 mg, 3.67 mmol) in dry dichloro- 
methane (10 ml) was stirred under argon for 16 hours at room temperature. The resultant suspension was d^ 

is luted with dichloromethane and water and stirred for 10 minutes. The aqueous phase was removed and the 
organic phase was washed successively with saturated sodium thioauifate, water, brine and then was dried 
over annydrous magnesium sulfate. The solvent was removed under reduced pressure and the crude product 
thus ootained was subjected to flash column chromatography (30% EtOAc-Hexanes) to give the tide compound 
(11% yield) which displayed the following spectral characteristics; 'H NMR (COCIi):5 1.31 (t, 3H. J=7.2 Hz), 

20 2.07 (s. 1H). 4.15 (d of d. 1H, J*4.5. 9.1 Hz), 4.21-4.29 (m. 3H). 5.42 (a, 1H), 8.39 (d of d. 1H. J*Z4, 4.5 Hz); 
,3 C NMR (C0a,):5 14.05. 20.97, 29.69. 71.34. 94.04. 99.80. 167.19. 170.11. 

Example 44 

25 TRANS 2-CAR8OETHOXY-4-ACETOXY-1>0tOXOUuNE 




A 2.5:1 mixture of as and trans- 2-carboethoxy-4- acetyl- 1,3-dloxolane (406 mg, 2.16 mmol), 85% mCPBA 
35 (68 mg, 3.81 mmoO and sodium carbonate (389 mg, 3.67 mmol) in dry dtehJoromethane (10 mL) was stirred 
under argon for 16 hours at room temperature. The resultant suspension was diluted wtth dtehJorome thane and 
water and stirred for 10 minutes. The aqueous phase was removed and the organic phase was washed suc- 
cessively with saturated sodium thioeuffate. water, brine and then waa dried over anhydrous magnesium sul- 
fate. The solvent waa removed under reduced pressure and the crude product thus obtained waa subjected to 
l«> Hash column chromatography (30% EtOAc-Hexanes) to give the title compound (49% yield) which displayed 
the following spec** chsracterlstics; <H NMR (C0CI,):5 1.29 (t 3H. J-7.2 Hz). 2.09 (a. 1H), 4.12 (d of d. 1H. 
J=0.9, 9.1 Hz), 4.19-4.31 (m. 3H), 5.53 (S. 1H), 6.48 (d of d. 1H. J-0.9. 3.9 Hz). 

Example 45 

CIS AND TRANS 2-CARBOET>^OXY>4-<THYMIr4-1^Yl)-1.3-OlOXOLANg 



55 




To a stirred suspension of thymine (44.5 mg, 0.353 mmol) in dlchlorometftane (1 mL) containing 2,6-Juddine 
(82 yL. 0.706 mmd) under an argon atmosphere was added trimetftytsiSyl trifluorornemsriesulphonsts (136 >aU 
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0 706 mm*). The reaulting mixture was stirred for 15 minutes to give a homogeneous solution. A solution of 
ll subaw. eiylTltoxy-1 >dioxol.n^2-cartoxy..t. (60 mg. 0.294 mmol) in d*h.orom.«hane (1 mL) and 
^trtTiethylailane (42 ,L 0.294 mmol) was sequentially introduced into the above solution. The react™ m«- 
* wL aSred at room temperature for 5 hour, and then waa quenched w«h a narrated solution of 
N«*0, (2 mL). followed by dilubcn with dichloromethane (5 mL). The reaulting mixture waa stirred for 5 mm- 
utealnd men waa «nsfecred to a separatory funnel with the aid of ^ichlo^eman. The aqueous ,ph~ 
waa removed and the organ.c layer waa waahed with saturated Na^O* water. 1 « HCI, bnne and man ww 
mST-SO i The sclent waa removed under reduced preaaure to prov,de me oude product Th<a material 
dned (Na,SO.). ma »™ ntw »» ™™ jituratad with a 1:1 mixture of EtOAc-Hexane 

u \ ?'« id 1H jlit Hz) 1 1 42 (brs. 1H). The biturate waa concentrated and subjected » cdumn chro- 

s, 0.5H), 9.43 (br s, 0.5H). 
Example 46 

CIS AMD TRANS Z-CARP^PTHOXY^N^-ACeTYl rYTOS^V-YLyi.3-DIOXOLANE 




NHAC 



33 



40 



solution. A solution of a 4:1 mixture of c« and ^-^^^^TV 0.358 mmd). The raacdon 
mmol) ,n 0*0, (1 mL) w« ^^^^^^ Th. rating 

waa allowed to proceed for 19 noun and men waa « uen *~ JT**™^^,^ miowi fa<a. watar. bcire, 
mixture wea di.utad with CH,C1, and w- ™»« 

and man waa dried over annyydroua ma«naa.um surtata J ^J^J^H-ElOAc) to afford 44% of th. 
me crude product which waa purified by flaah column chro ™^™^ <™ ^ll ^7 3H , >7 .0 Hz). 128 
1 compel. » a 3:1 ^TdTdTV H £i *S £ £ «K 0.23H.J-8.Z 

(,. 0.75H). 2^9 (a. ^ JJ**** JJ 6 » < d * * ^ 5 ' 1 

Example 47 

^.C/SAND THANS-^A C gTOXY.1.3.QXA^ ^' ^mp.?-CAR8QXYUC ACID 

s 
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10 



1$ 



20 



25 



50 



ature. The resultant clear solution was stirred at room temperature for 60 minutes, slowly added to stirred aau 
sous 0.03 M sodium bicarbonate solution (2.31) and then the mixture was stirred for a further 60 minutes So! 
dium chloride (750 g, 1 2.83 mol) was added and the mixture was stirred for a further 30 minutes darrfled ' and 
then extracted with isopropyl acetate (1 x 1.25 L 3 x 0.625 L). The combined extracts were concenTated to 
1.25 L under reduced pressure. Xylene (2.5 L) was added and the mixture reconcentrated to 1 25 I under re- 
duced pressure. The xylene addition/reconcentration procedure was repeated and the resultant suspension 
was cooled to room temperature and stirred tor 18 hours. The solid was collected by vacuum filtration washed 
with xylene (2 x 0.25 L) and dried, in vacuo, at 40-45 9 to give the title compound (265 g, 83%) which was shown 
by comparison of 'H NMR spectra, to be a 65:35 mixture of the compounds of Examples 3 and 4. 

Example 48 

5R-ACETQXY-1.3-OXATHIOLANE-2R-CARBOXYUC ACID, SALT WITH 1S.2R^-(1-AJv1INO ETHYUBEN- 
ZENEMETHANOL (1:1) £ 



PrV OH 



a) A solution of 1S.2R-a-(1-aminoethy1)-benzenemethanol (125.9 g f 0.83 moi) in isopropyl acetate (0.5L) 
was added to a stirred solution of (t) c«wtr*na-5-acetoxy-l,3Hwathtt add (Example 47; 

400 g, 2.08 mol), in isopropyl acetate (4.2 L). at room temperature under a nitrogen atmosphere. The re- 
sultant solution was stirred for 10 minutee, seeded with authentic product (0.4 g) and stirred for a further 
30 4 hours at room temperature. The suspension was stirred at 1 S- 18* for 1 7 hours and the solid wee collected 
by vacuum ffitraoon. washed with isopropyl acetate (1 x. 0.4 L 1 x 0.2 L) and dried, in vacuo, at 45* to give 
the title compound (205.9 g, 28%). [o] 0 *34« (MeOH), mp 151-2* (deoomp). 5<0MSO-0|) 0.91 (d, 3H, J-6.8 
Hz), 2.05 (S. 3H). 3.04 (d. 1 H, J»1 1 Hz), 3.32 (dd. 1 H. J*4.2 Hz). 3.40 (dq, 1 H t J«6.8, Z4 Hz). 4.97 (d, 1 H. 
J»2.4 Hz). 5.34 (s. 1H). c*. 6.4 (br. 1H). 7.2-7.4 (m, 5H). ca. 8.3 (br v 3H). 
3fl b) A solution of 1 S.2R-a-<1-aminoethyl>-benzenemethanoi (177 mg, 1.1 7mmo0 in isopropyl acetate (1 mL) 
was added to a stirred solution of (±)trans-5-acetoxy-l .3^xamidar^2<arboxylte add (500 mg, 2.60 
mmoi).in isopropyl acetate (6 mL) at 25-30*. and further isopropyl acetate (0.5 ml) was added. Crystal 
•ation commenced after 5 minutee. The suspension wee stirred at 25-30* for 18 hours and then the solid 
» waa collected by vacuum filtration, waehed with isopropyl acetate (1 mL) and dried, in vacuo, at 40* to give 

^<o the tide compound (353 mg, 40%), at shown by comparison of its 'H NMR spectrum with that of part (a). 

Example 49 

(-)-TrUf4S-5-ACETOXY-1>OXATHiOLANE-2-CARBOXYUC ACID- 



(•) 

5 M-Aqueoua hydrochloric acid ( 126 mL 0.83 mol) was added to a stared suspension of the compound of 
Example 46 ( 1 80 g, 0.52 moi) in saturated aqueous sodium chloride (414 mi) at room temperature. The mixture 
wee stirred at room temperature for 30 minutee. cooled to 1 T and stirred at thie temperature for e further 30 
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5 



minutes. The solid was collected by vacuum filtration, washed with chilled water (2 x 90 ml) and dried, m vacuo, 
at 33* to give the title compound (81.3 g, 31%). 

Example SO 

(1'R,2'S.5'R)-MENTHYl-5R ACETOXY- 1 , 3-QXATHIOlAN E-2R-CARBOXYIATE 



10 



15 




a) A solution of oxalyl chloride (66.5 g, 0.52 moO in dichloromethane (120 mL) wo* added over 30 m.nutee 
n to a stirred cold (-5') mixture of N.N-dimethylformamide (32 mL) and dichloromethene (240 mL). and me 
suspension formed wee stirred at -5 to 0* for 30 minute*. The compound of Example 49 (80 g. 0.42 mot) 
was added in portions and the resultant yellow solution was stirred at 0» for 45 minutes. Th.s solution wee 
added over 60 m.nutee to a stirred, cold (-5') solution of (1R.2S.SRM-)-menthd (65.2 g. 0.425 mot) in * 
chloromethane (200 mL) and pyridine (84mL 1.04mol) and the reeultant suspension wee stared at 0-5 

* Tbon^onmomX was washed with 2 M-aqueous hydrochloric acid ( 1 x 240 mL. 1 x 1 60 mL) and the 
combined aqueoua acxlic washes were back extracted with dichloromethene (160 mL). The organic phaeee 
were combined, clanfled. and concentrated in vacuo toca. 240mC2J.4^nwmylpent«n* (400mL) ww edded 
and the solution concentrated, in vacuo, to 240 mL Crystallisation of the product oecuired dunng the dsdllattorv 

20 Further 2.2.4-trimethyjpentane (400 mL) waa added and the mixture concentrated to ca. 700 mL The stirred 
suspense was then cooled to 5« and aged for 60 minutes. The solid waa collected by vacuum firrttton.^ *uhed 
with 2.2.4-mmethylpentane (2 x 80 mL) and dried, in vacuo, at 33* to give the We compound (93.2 g. 68%) as 
shown by comparison of the <H NMR spectrum with that of Example 8. 

b) Oxalyl chloride (102 g. 0.80 moi) was added over 20 minute* to e stirred. cdd(-1<n mixture ot N.N- 
3, dimethylfoonem.de (63 mL) and dtehlorometnan. (840 mL) and the 'nl 
t0 -6- for 1 5 minute* The compound of Example 8 (140 g. 0.728 mo!) we* added andth* 
yellow solution waa stirred at # for 20 minutee. <lR.2S.SRH->Men*oJ (128 9, 0.80mot) ^•^•J^ 
lowed by pyridine (140 mL 1.73 mol). added over 50 minute* The 
for 18 hour* and then 1 M aoueoue hydrochloric acid (280 mL) wa. added. The 
l « phase wee extracted with dlchtoromethan. (140 mL) and the comb,r^^an|c^« w^wt^^ 

* 1 M aqueoua hydrochloric add (280 mL). The aqueoua phaae w» bade exwcfcd ^ ^^^ane 
(140 mL) and the combined organic phase, were wearied w« la solution ^'"'^^J^^ 
bonate (5.6 g) and sodium chloride (28 g) in water (268 mL). The aoueoua phe*. waa ^«J^T 
dichtorome«h*ne (140 mL) *nd the combined organic pha*e* ™^"^^^JJ?£ 

« by delation at atmo.ph.nc proaaure. 2.2>Trim.ihylpen*n. ,(700, ^^^^^ 
concentrated. In vacuo, to 700 mL The 2.2.4-trimethylpentane eddrttoiyn^n«tton 
paLt -d th. r~u<Unt solution was cooled to 1 r (seeded with "^^^ 9 > 
The suspense waa stirred at 17- for 2 hour* and the «** w» 

with 2.2,4-trlmethylpentane (2 x 70 mL) and dried, in vacuo, at 43« to give the Me compound (332 g. Wftj 

so as shown by companeon of the 'H NMR spectrum with that of Example 8). irunn* end 

While we have presented a number of embodiment, of ^ JJ^?^^^^ 
variation* of these embodiment* will be apparent to thoM of ordinary skil,n the \ «- 

predated that the scope of thia invention » to be denned by the following datma, rather than tn* apaorte «- 
ample* presented above. 
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Claims 



5 



10 



23 



r 

V 40 



30 



1. A diaateceoae< active process for producing optically active cis-nudeoaide and nudeoaide analomj«« «m 
dertvativea of formula (I) rogues ano 



(I) 



wherein 

W is S. S=0. SO* or 0; 
is X ia S. S»0, SO* or 0; 

Ri ia hydrogen or acyt; and 

R 2 is a deaired purine or pynmidine base or an analogue or derivative thereof the process compris- 
ing the step of glycosylating me deaired purine or pynmidine baae or analogue or derivative thereof with 
an intermediate of formula (Ila) or (lib) 

20 

(m> * (y L **-{y* 1IIbl 



wherein 

Rj is a substituted carbonyt or cartoonyl derivative; and 
L is a leaving group, 
using a lewis acid of the formula (III) 



* 5 " Si - 1*3 (III) 
*7 

wherein 

R* Rt and R r are independently selected from the group consisting of hydrogen; Ci_» sikyl option- 
ally substituted by fluoro, bromo, crdoro, iodo, Cu% alkoxy or arytaxy; Ct-» araikyl optionaly substi- 
tuted by halogen, C,.» eikyl or C_» alkoxy; aryl optionally substituted by fluoro, bromo, chloro, todo, 
Ct-» sJkyt or Ci_» alkoxy; triaikylsilyl; fluoro; bromo; chloro and Mo; and 

R« ia selected from the group consisting of fluoro; bromo; chloro; todo; aulphonate eaters, op- 
tionally substituted by fluoro, bromo, chloro or iodo; d.s aikyl esters optionally substituted by fluoro, bro- 
mo, chloro or iodo; polyvalent halidee; tnsubstituted silyl groups of the general formula (RaKRsXRr)SI 
(wherein R«, R* and Rr are aa defined above); saturated or unsaturated seienenyl aryl; substituted 
or unsubstltuted C«_» arytsuifenyl; substituted or unsubatituted <V» alkaxyafcyl; and tnaikylsioxy. 



2. The process according to daim 1, further comprising the step of reducing Rt of the grycoeylated purine 
or pynmidine baae or analogue or derivative therof to produce the optically active cis-nudeoaide or nu- 

u deosKje analogue or derivative of formula (I). 

3. The process scoordlng to daim 1 , further compriaing the step of producing tiie Intermediate of (Ila) or (lib) 
by chemically resolving said intermediate from a mixture of (Ila) and (lib) using a cfriral auxiliary. 
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The process according to daim 1, wherein the intermediate is me compound of formula (Ha). 
The process according to daim 1, wherein the intermediate is the compound of formula (lib). 
The process according to daim 1. wherein the intermediate is selected from the group consisting of 



A (^stereoselective process for producing optically active cis-nudeoskle and nucleoside analogues and 
derivatives of formula (I) 



' 7 

(I) 



wherein 

W is S, S=0, SO* or 0; 
XisS. S«O.S07,orO; 

R } is hydrogen or acy* ; and r^nrifc 

R 2 is a deared purine or pyrimidine base or an analogue or d ^^^^^^^ P ^ 

ing me step of glycosylating the desred purine or pyrimidine base or ansJogus or derive** thereof with 

a single enanttamec of a compound of formula (II) 



(II) 



R, ia a substituted carbonyi or carbonyt derivative; and 
L is • leading group, 
using • Lewis acid of the formula (III) 



R S 



R, - Si - R. (Ill) 
5 | 



wherein 
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Rt and R 7 are independently selected from the group consisting of hydrogen; C.jq alkyl option- 
ally substituted by fluoro. bromo. chloro. iodo. aikoxy or C V20 aryloxy; Cr.* aralkyl optionally substi^ 
tuted by haJogen. C,_» alkyl or C,.» aikoxy; <V» aryl optionally substituted by fluoro. bromo. chloro, iodo, 
Cl2q alkyl or C,_ w aikoxy; trial kyisilyl; fluoro; bromo; chloro and iodo; and 

R4 is selected from the group consisting of fluoro; bromo; chloro; iodo; C,_ a suiphonate esters, op. 
tionally substituted by fluoro, bromo. chloro or iodo; Ct.a alkyl esters optionally substituted by fluoro. bro- 
mo, chloro or iodo; polyvalent halides; trisubstituted silyl groups of the generaJ formula (R«)(R«)(R 7 )Si 
(wherein Rj, R«, and R 7 are as defined above); saturated or unsaturated selenenyt C^ a aryl; substituted 
1Q or unsubsotuted C v20 arylsulfenyl; substituted or unsubstituted C^ a alkoxyalkyl; and triaikylsiloxy. 

S. The process according to daim 7, further comprising the step of reducing Rj of the glycosylated purine 
or pyrimidine base or analogue or derivative therof to produce the optically active c««nudecside or nu- 
cleoside analogue or derivative of formula (I). 



13 



30 



The process according to daim 7, further comprising the step of resolving the compound of formula (II) 
into a single enantiomer using a chiral auxiliary before glycosylating the desired purine or pyrimidine base. 



10. The process according to any one of claims 1 to 9. wherein W is 0 and X is S. 
20 11. The process according to daim 10. wherein R 2 is a pyrimidine base. 

12, . The process according to daim 11, wherein the pyrimidine base is cytoaine or 5-fluorocytosine. 

1 3. The process according to any one of daims 1 to 9. wherein the Lewie acid is selected from the group con- 
23 sisting of trimethylailyl inflate and iodotrimethylsiiane. 

14 The process according to daim 3 or 9. wherein the chiral auxiliary is selected from the group constating 
of chiraJ alcohols and chtrai amines. 



15. The process according to daim 14, wherein (he chiral auxiliary is selected from the group consisting of 
(d)-menthol, (l)-menthol, (^-norephedrine and (-^norephedrine. 

16. The process according to any one of daims 1 to 9, wherein R, is selected from the group consisting of 
alkoxycarbonyis. carboxyls, diethylcarboxamide. pyrrolidine amide, methyl ketone and phenyl ketone. 

17. The process according to daim 1 6, wherein the R s is selected from the group consisting of aikoxycarbonyts 
and carboxyls. 

1 8. The process according to daim 7 or 8. further comprising the step of producing the compound of formula 
(II) by chemoseiectrvery reducing the compound of formula (IV) 

W 



and converting the resulting hydroxy! group to leaving group L 

19. The process according to daim 18. further comprising the step of reacting the compound of formula (IV) 
jo with a chiral auxiliary before it is chemoselectively reduced. 

20. A diastereoselective process for produdng optically active as-oxathciane and analogues and derivatives 

of formula (la) 

55 
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(la) 



wherein 

R, is hydrogen or acyl; and 

R 2 is a desired purine or pyrimidine base or an analogue or derivative thereof compnsing the step 
of glycosylating the desired purine or pyrimidine base or analogue or derivative thereof with a single en- 
antiomer of a resolved ester derived from the compound of formula (IX) 

0 

II 

,OCH, 



using a Lewis acid of tfie formula (III) 

R 6 

I 



R s - Si - R a (HI) 



wherein 

R«, R« and R r are independentty selected from the group consisting of hydrogen; C,.» alkyt option- 
ally substituted by fluoro, bromo, chloro. iodo, C, * alkoxy or C«, aiyloxy; Cr-ai optionally substi- 
tuted by halogen. C,_» alky* or C,.» alkoxy; C« aryl optionally substituted by fluoro. bromo. chloro. .odo. 
C,.» alkyl or C,.„ altoxy. trtalkytailyl; fluoro; bromo; chloro and iodo; and 

R« is-selected from me group consisting of fluoro; bromo: chloro; iodo: eUphonate asters, op- 
tionally substituted by fluoro. bromo. chloro or iodo; C,. s alky eaten optionally substituted by fluoro - bf °- 
mo. chloro or iodo; polyvalent halidea; triaubatitutad silyt gioupe of tho general formula (WWtJSI 
(wherein R«. R«. snd R 7 are aa defined above); saturated or unsaturated seienenyt C«, aryl: eubetltutad 
or uneubatftuted C«, aryleurfenyi; substituted or unsubatituted C«b aflcoxyaJkyl; and trtalkylaloxy. 

21 The prooeaa according to daim 20. furmer comprising me step of reducing tho glycosylated purine or pyr- 
* jmld in. baae or analogue or dartvative thereof to produce the optically active efroxathloiane or analogue 
or derivative of formula (la). 

22. Tha procaaa according to daim 20. further compriaing the step of producing tha single enarrtiomar of tha 
aster derived from formula (IX) using a chrtl auxliary. 

23. The procaaa according to daim 22. wherein the chiral auxiliary H $«*ctid Aw *• ««~P conaiattng of 
(d)-mentho) and (lymenthol. 

24. Tha procaaa according to daim 20. wherein Rj is a pyrimidine baa*. 

21 Tha procaaa according to daim 24. wherein the pyrimidine baaa ia cytoalno or 8-fluorocytoaina. 
28. An intermediate of formula (II) 
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5 




(ID 

wherein 

io W is S. S*0. S0 7 , or 0: 

Xis S, S*0. SO : , orO; 

R 3 is a substituted carbonyl or carbonyl derivative; and 
Lisa leaving group. 

fJ 27. An intermediate of formula (Ha) 



20 




(Ila) 



wherein 

W is S. S*0. SO* or 0; 
X is S, S=0, SO,, or O; 

R, is a substituted carbonyl or carbonyl derivative; and 
L is a leaving group. 

2S. An intermediate of formula (lib) 



35 




(lib) 



wherein 

Wis S. S»0, S02 f orO; 
XiaS, S*0, SO*orO; 

R, is a substituted carbonyl or carbonyl derivative; and 
L is a leaving group. 

29. An intermediate according to daim 26 selected from trie group constating of 



50 




wherein 

W is 3. S«0. SOi, or O. 
X is S. SO, SO* or 0; 

R) is a substituted carbonyl or carbonyl derivative; and 
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L is a leaving group. 
30. An intermediate of formula (VI) 




(VI) 



wherein 

W is S. S=0, $O v or 0; 
X is S. S=0, SO* or 0; 

R 3 is a substituted cartoonyl or cartoonyl derivative; 

is a chirai auxiliary; and 
L is a leaving group. 

31. An intermediate of formula (Via) 




(Via) 



wherein 

W is S. SO. SO* or O; 
XisS, S*0, SQ*orO; 

R, is a substituted cartoonyl or cartoonyl derivative; 

is a chirai auxiliary; and 
I is a leaving group. 

3Z An intermediate of formula (Vlb) 



40 




(Vlb) 



WIsS, S-O. S02.0TO; 
XisS, S-O, SO*orO; 

R, is a substituted cartoonyl or cartoonyl derivative; 
R* is a chirai auxillefy; and 
Lisa leaving group. 

33. An intermediate according to daim 30 sheeted from the group consisting of 
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wherein 

W is S, S=0. S0 2 , or 0; 
X is S, S«0, S0 2 , or 0; 
1 5 R 3 is a substituted carbonyi or cartonyi derivative; 

R4 is a ehiraJ auxiliary; and 
Lisa leaving group. 

34. An intennediate of formula (VII) 



23 




(VII) 



wherein 

W is S. S»0, SO* or 0; 
X is S. S=0. SO* or O; 

R 2 is a purine or pynmidine base or an analogue or derivative thereof; 
Ri is a substituted cartonyt or cartwnyl derivative; and . 
R4 is a chiral auxiliary. 

35. An intermediate of formula (XIII) 



40 




(XIII) 



W la S, SO. SO* or O: 
X m S, S-O, SO* or O; 

Rj ia a substituted carbonyt or carbonyi derivative; and 
R4 is a cnireJ auxiliary. 

36. An intermediate according to any ona of daima 30 to 35 wfterein R* is seJectad from ma group constating 

of (dMnenttioi and (l)-menmoi. 

37. An intermediate of formula (XJV) 



55 




(XIV) 



S3 
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wherein 

W is S. S«0, S0 2 . or 0; 
X is S, S*0, S0 2 , or 0; 

R 3 is a substituted carbonyi or carfconyi derivative. 

I An intermediate selected from the group consisting of 
(rans-5-hydroxyoxathiolane-2-cartoxy1ic acid; 
(1 R.rs.S'RJ-menmyl-l.a-oxathioian-S-one-aS-carboxTtate; 
(VR.2'S,5'R)-mentfiy1.1.3-oxathio<an-5-one-2R-carboxylate; 
(1'R.2'S.5'R)-menmy*.5S-hydrox7-i^xamioiane-2S<art)oxy!at»; 
(rR.2'S.5'R)-menmy<.5R-hydrexy-1.3-oxamiolane-2R-cartoxylat8; 
(l'R.2'S.5'R)-ment^y1-5S-hydroxy-i,3^xamio!ane-2RH:artDOxytata; 
(l'R.2'S.5'R)-menmy1-5R-hydroxy-l.>oxamiolane-2S-carlDOxylata: 
(VR.2'S.5'R)-m6nmy<-5S-acetoxy-1>oxamiolane-2S-cartooxyla»; 

(VR.2'S.5'R)-mentfcy1«5R-ac*toxY-1>oxam^^^ 
(l'R.2'S.5'R)-menmy1-5S.ac«»xy.1 > 3^xamiolan^2R<artoxylat»; 

(rR,2'S.5'R)-menmyt-5R-acatoxy-1,3-oxam^^ 

(VS,2'R.5'S)-n™nmyt-5R-acetoxy-l,3HDxam^^ 

(i'S.2'R.5'S)-menmyl-5S-acatoxy-l>oxamiolana-2R<artoxy«ata; 

(l'S.2'R.5'S)-manmyt.5R-acatDxy-l.^xathiqlana-2R-cart)oxy!ata; 

( 1 ' S ,2'R, 5' S)-menitty1-5S-acetoxy- 1 , 3-oxatn iolane-2S-carboxylata; 

(VR.2'S,5'RWnenttiyMS.<<#(^ 

(VS.2U5'S)-menmyl-5SKcytoairvl^ 

(yR,2'S.5'R)-mentfry1-5R-(CYtc*in-r-^^^ 

(1'S.2'R,5'S)-m«nmy1-5R-<cytoain-r-^^ 

(rR,2'S,5'R)-manmy1-5R-<5"-flu<raytcw^^ 

(VS,2U5'S)-menfryl-5S-(5*-fluorocyt^^ 

(lV.2'R.5'S)-man*yl-5$.(l^'-acaty 

(VR,2'S.5'R)-awnthyl-5S^cytoa^^ 

(VS.2U5 , SHnanmyW3^^'-ac^ 

(VS.2'R.5'S)-menmy1-1.3^xattiio<ane-2R-cart)oxytata; 

(VS.2'R,5'S)-manthyl-4R-hydrexy.1 >oxam»lane-2R-cart)oxylat» and (VS^RJ S)-mafmryMS- 
hydroxy. 1 ,3-oxathioiana-2R-cart)Oxyata; mm^-~»mSLj*> 
(VS,2'R.5'S)-<™nthyMR-cnlo^ and SHnanthyMS- 

chioro-1 ,3^xathioiana-2R-carboxy1ata; 
c«-2(N-rr*ttiy^N-matftoxy™ 
c«- and (ran>2-baraoy«-5-acatoxy-l,3^xathioiana; 
c«-2-< 1 '-pynolidlnocarbonyt)-5-acetoxy- 1 ,3-oxathk*ana; 
cis-2<art)omattHixy.5K5 , -bfomouraa 
c«s-2<artoxy^Muraca-V-y1)-l ,3-oxattiiolana; 
c^2H1'-pyn*WifK>c^^ 
cis 2-banzoy«-S-<uraci-V-yl>-1,3-oxatfiiolane; 
eta- and tran>iaopropyi 5-axatoxy.l.3^xathio«afia-2-caitoxy1ata; 

ci^iaopropy<-5^<^ifvV-yO-U^ 

c&- and inna-t-butyl 5-acatoxy.i,3-oxatiiioiana-2-caitoxyiat»: 

c/s^-buty«-5»(cytoain-V-y<)-l ,3-oxatfiioiana-2-cartoxytat»; 

cis- and Dwia-2-N,MHjla^amidocart>onyl- 5.§cafioxy-1,3HWtatf)ioian#; 

c«-2-N,r4^ll«^aiTiidocartony1-S.(cytoain.1 '.yt>-1 .3 -oxatMciana; 

c*s- and firan>2-cartoatfioxy-4^acetoxy-1 ,3-dioxolana; 

cis- and «rana-2-cartoamoxy-4-(thymin- v-y1)-1. 3-dtaxdana; and 

c«- and 6wa-2-<art>oathoxy-^(NM^acatylcytoai^ 

3* A process for producing an intermedial, of formula (Ha) or formula (lib) apprising ma *tap of raaclving 

a mixture of (lla) or (lib) using a chirai auxiliary: 
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io 40. A method of preparing a compound of formula 



13 




comprising the step of resolving a mixture of the two compounds by means of a chiral auxiliary. 
41. A method of preparing a compound of formula 



25 



30 




comprising the step of resolving a mixture of the two compounds by means of a chiral auxiliary. 

35 
40 
46 
SO 
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